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PEOPLE AND EVENTS 


COLLEGE AND UNIVERSITY NEWS 
P. S. Lucas Retires at M.S.U. 

P. S. Lucas, Professor of Dairy at Michigan 
State University, has retired after nearly 40 
years of service at the Michigan school. He 

has served the dairy in- 


dustry in a_ distin- 
guished and _ practical 


way for more than half 
a century. He will re- 
main in the East Lan- 
sing community and 
will be available as a 
consultant in the dairy 
and food industry. 

Born in Aurora, IIL, 
Prof. Lucas graduated 
from Purdue Univer- 
sity in dairy manufae- 
tures in 1914. Follow- 
ing graduation he 
worked as a chemist for the Alamito Dairy 
Co., Omaha, Neb., 1914-15, and returned to 
the Indiana Agricultural Experiment Station 
during 1915-16. He received his M.S. from 
M.S.U. in 1926. 

In 1916 he became an instructor in dairy 
manufactures at Oregon Agricultural College, 
was promoted to assistant professor in 1917, 
and during World War I developed cheese 
making methods using pepsin as a substitute 
for Danish rennet which was not available. In 
1919 he returned to Purdue where he was pro- 
moted to associate professor in 1920. 

In 1922 he joined the Michigan State faculty 
as an associate professor. He has taught all 
of the dairy courses at M.S.U. but specialized 
in plant management and ice cream. He has 
published hundreds of articles, bulletins, and 
cireulars in his field. Prof. Lueas has also 
served as column editor or contributor to the 
Ice Cream Review, Milk Plant Monthly, the 
Journal of the American Public Health Serv- 
ice, and the JouRNAL oF Datry SCIENCE. 

From 1923 until 1937 he was manager of the 
M.S.U. creamery. He was a founder and first 
secretary of the Detroit Dairy Technology So- 
ciety, was a member of Phi Kappa Phi, the 
A.D.S.A., the International Association of Milk 
and Food Sanitarians, the M.S.U. Friends of 





P. S. Lucas 


the Library, and other Michigan Technical 
Societies. 
During 1958, Prof. and Mrs. Lueas were 


honored by former students of Prof. Lucas, the 
Detroit Dairy Technology Society, the Michi- 
gan Association of Sanitarians, and M.S.U. 
officials. 





Alexander of Illinois Retires 
M. H. 


ALEXANDER, associate professor of 


Dairy Science at the University of Illinois, has 
retired after 16 years on the faculty. 

Alexander graduated 
taught 


Mr. 
1925. He 


from Illinois in 
vocational agriculture at 

Galesburg, Ill, high 

school for two years be- 

fore accepting a posi- 
tion at Blackburn Col- 
lege, Carlinville, Ill., in 

1927. Except for the 

time he spent earning 

an M.S. degree from 

Illinois in 1934, he 

taught at Blackburn 

until he joined the U. 

of I. staff in 1943. 

In 1952, Mr. Alex- 

d ander was the first U. 

M. H. Alexander of I. staff member to 

take part in the ex- 

change agreement between the University of 

Illinois and the Allahabad Agricultural Insti- 

tute in India. During his 18-month stay in 

India, he taught animal husbandry courses at 

the Institute and traveled throughout the coun- 
try studying food production problems. 

Mr. Alexander is the author of numerous 
scientific papers dealing with dairy science. 
Most of his research has been directed toward 
the development of pipeline milk systems for 
dairy farms, a field in which he is an eminent 
authority. 


Letters to the Editor 


My heartfelt appreciation to the officers of 
the American Dairy Science Association for 
their kind thoughtfulness in sending me, 
through you, the August issue of the Journal 
of Dairy Science. I am so glad to have this 
Journal and will consider it one of my most 
valued possessions, together with the beautiful 
note which came with it and the tribute to my 
husband. 

You have all been so good to me, which shall 
remain such a pleasant memory. 


Mrs. WILBER J. FRASER 


Even though I have retired, my 38 years of 
membership in the American Dairy Science As- 
sociation will continue to hold my interest and 
I hope to be a much better attendant at the 
Annual Meetings than I have in the past. In 
fact my retirement is only a partial one. Be- 
ginning September 15th I am going to spend 
several months with Iranian livestock men in 
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Objective: 
TO ASSURE FULL VITAMIN POTENCY 


AND FLAVOR STABILITY DURING 
THE SHELF LIFE OF THE MILK 


It is important for all those associated with 
the milk industry to know about the extremely 
high quality of Vitex® Vitamin Concentrates. 
There is perhaps no other industry where 
health and sanitation standards, where in- 
spection, control and regulation, play such 
a key role. In consequence, it is well to realize 
that Vitex concentrates meet or exceed every 


criterion and are entirely acceptable as a food | 


additive. 

Vitex concentrates are processed in a 
Grade A plant under AAA standards. Every 
batch of pure vitamin crystals is assayed 
before processing. And not one batch of the 
finished product can be released for ship- 
ment until the laboratory provides a clean 
bill of health concerning: total plate count; 
thermophile count (37° and 55°C) at 10 days; 
viscosity; physical appearance (fat and solids 
separation at 10 days at 37°C); final report 
of vitamin assay. 

Vitamin additives offer dairies a profitable 
means of providing better balanced nutrition. 
Vitex Vitamin Concentrates are the best 
assurance of purity, potency and stability. 


VITEX LABORATORIES 


A Division of NOPCO CHEMICAL COMPANY 


N0PCOY 


® 
Producers of a Complete Line of Vitamin 
Concentrates for the Dairy Industry 


GENERAL OFFICES: 60 Park Place, Newark, NJ. 
PLANTS: Harrison, NJ. e Richmond, California 


Pioneer 


this country. Both ICA and FAS have indi- 
cated that there will be other such assignments 
in the future with livestock and extension 
groups. 

At the end of five and one-half years in Iran, 
we had 16 poultry cireulars published and six 
dairy bulletins. We had livestock specialists 
trained in every state and a very good livestock 
organization in the National headquarters at 
Tehran. There are 13 artificial insemination 
centers and 8 to 10 subcenters operating. More 
than 20,000 half-breed Brown Swiss cows were 
averaging about 1,188 liters more milk, annu- 
ally, than were the cows of native stock. In 
terms of American money, the Brown Swiss 
were returning about $150 more per cow than 
the native stock. The Iranians told us that 
every year they make more from the increased 
milk production than the American Govern- 
ment has spent for the entire livestock pro- 
gram for eight years. This ineludes veterinary 
services, poultry, swine, sheep, and goat pro- 
grams. This same statement can be made for 
the increased production of poultry products. 
Where native cockerels have been replaced by 
the New Hampshire breed of cockerels, tre- 
mendous increases in size and number of eggs 
have been obtained from the half-breed stock. 

The Pack Animal program is getting under 
way through breeding better mules. One mule 
does more work than four Iranian oxen and 
does it better. The economic possibilities 
through saving livestock feed and making more 
beef available are enormous. 

The work on the improvement of native 
sheep and goats is well under way and on a 
very sound basis. Eventually it will contribute 
as much or more to Iranian wealth and morals 
as any other phase of our work. 

Improved feeding has been a very important 
phase of our work. Of the 650,000 tons of beet 
pulp in the country, practically none of it was 
fed before 1952. Now practically all beet pulp 
is fed except where the distances are too great. 
However, this is being overcome by the instal- 
lation of dryers. Great progress has also been 
made in the development of better pastures and 
the production of alfalfa. 

I must mention also the Veterinary Program 
which was within my scope of activities. It has 
made more friends and built the morale and 
economy of the nation more than any other 
phase of the Point IV Program. With about 
SO trained veterinarians covering the country, 
the dreaded Anthrax, Foot and Mouth disease, 
Neweastle’s disease, and Sheep pox which used 
to make whole areas destitute, are now being 
brought under control. 

Without exception it has been the most sat- 
isfying six years of my life. If I had not had 
so many birthdays, I would have been very 
happy to have acceded to the petition of the 
Iranian Government and the request of the 


American mission in Tehran, to return to Iran. 
EK. M. Harmon 

2227 Harden Cirele 
Hendersonville, North Carolina 
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. engineered by Johnson & Johnson for in-a-line 

filters. Available in 4%\5", 5” and 6” disks; or 23%” 
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Tell your producers with in-a-line filters about new 
RAPID-FLO VACULINE—engineered for safe 
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Have You Heard What 
They're Saying About 





FROM NEW YORK 














“Matrix promotes efficiency and 
improves quality. We are recom- 
mending its use to other plants in 
the district." 


FROM CALIFORNIA 


"We have started to use Matrix 
at our cottage cheese plant and 
plan to have our other cheese 
plants use Matrix in the future." cua ~\ as 
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“FROM OHIO 


"Matrix has improved the quality of our cottage cheese.” 


FROM WISCONSIN 


“Our continued use of Matrix is ample proof that we have 
come up with a program that is nothing short of teriffic." 


FROM PENNSYLVANIA 


"We have been using Matrix for several months and like 
the idea of using a tested and proven powder.” 


FROM TEXAS 


"We have successfully used Matrix for six months — and 
get much better results." 


FROM ILLINOIS 


"We think Matrix is a great improvement — makes culture 


preparing even easier.’ 
ORDER FROM YOUR JOBBER 


GALLOWAY-WEST COMPANY, FOND DU LAC, WIS. 
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SCIENCE 


Cornell 


A.D.S.A. Past President K. L. Turk, who 
is spending this fall touring Mexico and South 
America, reports the following news from his 
travels: 

“We have now been in Mexico about five 
weeks and will be moving on to Colombia the 
latter part of the month (September). Much 
of my time has been spent traveling to visit 
livestock farms and experiment stations. It 
has been an extremely interesting experience. 
For example, the past four days have been 
spent in the Gulf Coast area of Veracruz which 
furnishes most of the beef supply for Mexico 
City. It is a tropical region and quite warm, 
but produces excellent grass for grazing. 

“Among many places of interest, I visited 
a sterilized milk plant in Poza Rica a couple 
of days ago. The plant is processing about 
6,000 liters per day and has a capacity of 
20,000 liters. The milk has a cooked taste 
which I didn’t like, but they claim that con- 
sumption is increasing. Milk for this plant is 
produced from mixed herds, mostly of native 
or Criollo type cattle that have been ‘up-graded’ 
with Zebu and Brown Swiss bulls. 

“T’ve seen a number of very good herds of 
Holsteins at the higher elevations where the 
climate is more favorable.” 


Georgia 

Annual Sanitarians Conference 
and Meeting of the Georgia Chapter of the 
International Association of Milk and Food 
Sanitarians was held Sept. 24-25, 1959, at the 
University of Georgia Center for Continuing 
Education. A featured speaker was R. V. Hus- 
sonG, Manager, Fundamental Research Labora- 
tory, National Dairy Products Corporation, 
Glenview, Ill. 

Through the courtesy of a local cooperative 
dairy plant, the annual chicken barbecue for 
dairy students and their dates and the faculty 
will be held at the beginning of the Fall 
Quarter. 

Approximately 100 attended an Artificial 
Breeding Conference for those interested in 
breeding dairy cattle, held on September 3 at 
the Rock Eagle 4-H Club Center, Eatonton, 
Georgia. N. D. Bay.ey, U. S. Agricultural Re- 
search Service, Beltsville, Maryland, L. R. 
Scuutrz, American Breeders Service, Chicago, 
and several authorities within the state were 
on the faculty. 


The Sixth 


Louisiana 
The second annual sale of artificially sired 
heifers, held on July 18 at Franklinton in con- 


| nection with the Louisiana Artificial Breeding 


for 34 


freshen 


averaged $311 
bred to 


meeting, 
heifers 


Cooperative 


heifers. These were 


this fall. 
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Profitable Brands Start With Cherry-Burrell 


Obsolete equipment can’t meet today’s 
efficiency demands. To stay competi- 
tive, operators need equipment that 
reduces man-hours, reduces product and 
container loss, increases in-plant profits. 
It is Cherry-Burrell’s job to help you 
do this. 


Cherry-Burrell washers wash _ bottles 
thoroughly, gently and efficiently. The 
combination of high soak tempera- 
tures and low caustic assures sparkling 
clean bottles with minimum etching. 
The exclusive universal pocket gives 
you the flexibility to handle all bottles 
from tall half pints through rectangular 


half gallons — all standard finishes 
38mm through 56mm. Cherry-Burrell 
washers also available in a wide range 
of sizes and capacities to wash quarts, 
half-gallons and gallons. 

Cherry-Burrell fillers assure trouble 
free operation, reduce man-hours per 
unit of product. Accurate filling elimi- 
nates product loss. Vacuum type filling 
eliminates filling of chipped or broken 
bottles. Fillers available to fill bottles 
from half-pints to gallon jugs. 


Let a 


Cherry-Burrell 
show you how a combination of Cherry- 
Burreil washers and fillers, selected for 


Representative 


your specific needs, can increase your 
profit. Write him today. There’s no 
obligation. 


Your one complete source for profit 
engineered dairy equipment, service and 
supplies. Sales and Service in 58 cities. 


( Baa 


CEDAR RAPIDS, IOWA 


Dairy *« Food + Farm «+ Beverage + Brewing 
Chemical + Equipment and Supplies 
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American Foods’ new Emulsified Instant 
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Sixteen Holstein heifers averaged $347. The 
highest price, $440, was paid for a registered 
heifer consigned by the Louisiana State Uni- 
versity. Four grade Holsteins sold for an av- 
erage of $405. 

Nine Guernsey heifers averaged $275. The 
top price, $350, was paid for a grade. 

The Jersey heifers, nine in all, brought an 
average of $278. A_ registered animal con- 
signed by the Southeast Louisiana Experiment 
Station at Franklinton, sold for $370. A grade 
Jersey also brought $370. 

The relatively high prices paid for the grade 
animals were due to the fact that all of these 
heifers were sired by bulls owned by the Loui- 
siana Artificial Breeding Cooperative and were 
virtually up to the level of pure-breds for com- 
mereial milk production. 


Michigan 

C. A. Lassirer has been named head of the 
Dept. of Dairy at Michigan State University. 

A native of Kentucky, Mr. Lassiter gradu- 
ated from the University of Kentucky, Lex- 
ington, in 1949, and received his M.S. degree 
in 1950. He then took graduate work at Michi- 
gan State University during 1950-52 in the 
field of dairy cattle nutrition. In 1952, he re- 
turned to Kentucky to teach and do research, 
a position he held until 1956. 

He returned to Michigan State in 1956 where 
he taught and did research until his appoint- 
ment as department head this past June. 

Mr. Lassiter is a recipient of the Feed Manu- 
facturer’s Award in 1958. 


Nebraska 


Curis SANDERS, 45, agricultural representa- 
tive for the Cooper Foundation and University 
of Nebraska dairy extension associate, died 
recently after five months of illness. Mr. 


Sanders initiated and directed the Cooper 


Foundation Dairy Calf program which spon- 
sored an annual nonprofit sale of purebred 
dairy calves to 4-H and F.F.A. members. The 
Cooper Foundation also cosponsored the eight 
Junior District Dairy Shows in Nebraska and 
the annual 4-H dairy club leaders training 
program. 

Mr. Sanders served for a number of years 
as secretary of The Nebraska Brown Swiss 
Association, was an official classifier for the 
National Association and had judged Brown 
Swiss at a number of State Fairs. He served 
for a number of years as an assistant superin- 
tendent of dairy cattle at the Dairy Cattle Con- 
gress in Waterloo, Iowa, and was a member of 
the Dairy Shrine Club. 

In Lineoln, Mr. Sanders was a member of 
the Capital City Kiwanis Club, American 
Legion, and St. Teresa’s Catholic Church. He 
was a veteran of World War II. 
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Only one sugar 
offers you sucha 


VARIETY 


of profitable 
applications 


Discover for yourself the product- 
improving, profit-making potential of 
Lactose, Edible, in the dairy field. Seldom 
do you find such a versatile material. 

For example, Lactose (pure milk 
sugar) adds “old-fashioned” goodness 
and body smoothness to buttermilk. 
Lactose builds a definite, more pleasing, 
flavor identity in skim milk—eliminates 
the chalky, powdery taste and staleness 
often associated with ordinary modified 
skim milks. In chocolate drink, Lactose 
makes possible a 50% savings in butter- 
fat content with no sacrifice in flavor or 
quality. Lactose also improves the 
quality of cottage cheese dressing. 

Only Western can supply Lactose, 
Edible, in a full range of particle sizes. 
Strict chemical and bacteriological spec- 
ifications, rigid quality control and years 
of experience assure top performance. 

Find out how Lactose can help you. 
For complete information and product 
Samples, write our Technical Service 
(state applications under consideration). 
Address: Department 57K. 


WESTERN 
CONDENSING COMPANY 


Appleton, Wisconsin 
World-Wide Supplier of High-Quality Milk Derivatives 


Distributed Nationally by 
CHEMICAL DEPARTMENT, 
McKESSON & ROBBINS, INC. 


60 conveniently located warehouses 


Lactose, Hdible—pure sugar from milk 
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Oklahoma 


Dr. S. D. Musgrave has been named pro- 
fessor and head of the Dept. of Dairying at 
Oklahoma State University. 

Musgrave, 40, has been on the OSU dairy 
department staff since 1951. Farm-reared in 
Crawford County, IIL, 
he attended Blackburn 
College, Carlinville, Ili- 
nois, and the University 
of Illinois, graduating 
from the latter univer- 
sity with a B.S. degree 
in dairying in 1947 and 
an M.S., also in dairy- 
ing, in 1948. He re- 
ceived the Ph.D. degree 
in animal breeding and 
nutrition and _— veteri- 
nary physiology at Cor- 
nell University in 1951. 
He studied at North 
Carolina State College for six months in 1958. 

He is vice-chairman of the A.D.S.A. pro- 
duction division. He is also a member of the 
American Association for Advancement of 
Science, American Society of Animal Produe- 
tion, American Geneties Association, and Sigma 
XI science fraternity. 

During World War II Dr. Musgrave served 
for five years in the U. S. Army, including 





S. D. Musgrave 


European service, and he is a reserve officer in 
the Medical Service Corps. 


Completed Theses 
Ph.D. Degree 


L. A. Jounnson—Heritability and repeatability 
of first, second, third, and fourth records of 
varying duration in Brown Swiss cattle. 
Michigan State University, East Lansing. 

EK. M. Miko.ascik—Physiology of oxytetra- 
cycline resistant and sensitive streptoccocus 
lactis. Ohio State University, Columbus. 


M.S. Degree 


G. C. KresueckK—The acid phosphatase enzyme 
system of milk. Ohio State University, 
Columbus. 

D. R. BowpeEx—A comparison of zero, low, 
and high level grain feeding to lactating 
cows on permanent, improved, and supple- 


mental pastures. University of Kentucky, 
Lexington. 


P. Bares, Jr—A comparison of feeding 
separately corn cobs and a liquid urea-mo- 
lasses-mineral mix with and without ethyl 
aleohol of yearling dairy heifers. University 
of Kentucky, Lexington. 

B. F. Browx—A comparison of zero, five, and 
ten pound levels of grain feeding to lactating 





BOOKS 





First suitable text in English to deal with. . . 


PRINCIPLES OF DAIRY CHEMISTRY 


By ROBERT JENNESS, Professor of Agricultural Biochemistry, University o 
Minnesota; and STUART PATTON, Associate Professor of Dairy Science, Penn- 
sylvania State University. This is the first book written in the English language de- 
signed to meet the present needs of technologists specializing in the principles of 
dairy chemistry. Main emphasis is directed toward understanding the nature of milk— 
the chemistry of milk constituents—the interaction of constituents with one another 
under various conditions—and the relationship of all these facts to the production and 


storage of dairy products. 


Other sections describe the principles of analyses and tests on milk, milk constituents 
and milk products. The authors go one step further than most books, articles and lab- 
oratory manuals on the subject and explain the physical-chemical principles involved 
and the various merits and limitations of such procedures. Suitable references are 


given where complete details are desired. 


1959. 446 pages. Illustrated. $8.75. 


John Wiley & Sons, Inc. 440 Fourth Avenue, New York 16, New York 


Write for your examination copy today. 
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QURAGBLES 


KIMBLE DAIRY TEST WARE 


Their long, useful life means low costs for you 


Careful fabrication 
from uniform machine- 
made tubing and hand 
blown blanks; durable, 
easily readable calibration scales; 
uniform product design; and indi- 
vidual retesting for accuracy make 
Kimble Dairy Glassware a stand- 
ard for long, dependable service— 


careful tempering to equalize 
strains creates a product of maxi- 
mum strength and longest life ex- 
pectancy. 

Outstanding quality and assured 
accuracy have established Kimble 
Dairy Glassware as a recognized 
standard of the dairy industry — 
for research and control. It meets 


KIMBLE DAIRY TEST WARE 


AN @ PRODUCT 


11 





Precision-made Kimble Glassware — standard 


in an exacting industry. 


all federal and state requirements 
—passes the most rigid tests for ac- 
curacy and serviceability. Kimble 
Dairy Glassware is distributed 
by leading dairy supply houses 
throughout the United States and 
Canada. Or write Kimble Glass 
Company, subsidiary of Owens- 
Illinois, Toledo 1, Ohio. 


Owens-ILLINoIS 


GENERAL OFFICES + TOLEDO 1, OHIO 
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dairy cows on permanent, improved, and sup- 
plemental pastures. University of Kentucky, 
Lexington. 

G. W. Brown 
urea by growing dairy heifers. 
of Kentucky, Lexington. 

D. W. CLayroor—tThe effect of minor changes 
in the ingredient composition of the ration 
on rumen microbial activity. University of 
Kentucky, Lexington. 

C. E. Graves—The effect of certain vacuum 
treatments on the flavor and physical charac- 
teristies of fluid milk. University of Ken- 
tucky, Lexington. 


The efficiency of utilization of 
University 


Me.vin Hogrinin—A comparison of the Cenco 
and O’Haus methods with the Mojonnier 
method for determining total solids of dairy 
products. University of Georgia, Athens. 


J. S. Conner—An economic analysis of alter- 
nate methods of assembling and _ receiving 


milk for selected Georgia milk plants in 1958, 
University of Georgia, Athens. 

J. K. Minter—A comparison of feeding grass 
silage, spring pasture, and a combination to 
dairy cows. University of Georgia, Athens. 

H. W. Warsurron—An economic analysis of 
Georgia market milk cooperatives. Univer- 
sity of Georgia, Athens. 





BUSINESS AND INDUSTRY NEWS 
Cherry-Burrell 


4. R. HERMANN has 
been appointed director 
of production for the 
Cherry-Burrell Corp. 
He will assume full 
responsibility for all 
manufacturing and 
product engineering ac- 
tivities of the Cedar 
Rapids and Little Falls 
Divisions. He also as- 
sumes the responsibili- 
ties of the division 
manager at Cedar 
Rapids. 

He has been with the 
company 38 years, 30 of which have been in 
various production and manufacturing capaci- 
ties. In 1952, he was appointed assistant to the 
president; and since 1958, his duties have in- 
cluded those of director of planning. 


L. R. Hermann 


Two field sales representatives have joined the 
Corporation at its Detroit, Mich., sales branch. 
They are W. S. Tostrn and E. V. Maness. 
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POW OWONWQ PO yOMOPWOPOPOVOpwopyOPOPOMVopwonpeyy 


An Important McGraw-Hill Book . . . 


DAIRY PLANT MANAGEMENT 


By Paul H. Tracy, University of Illinois, George D. Armerding, 
Mojonnier Brothers Co., and Harold W. Hannah, University of 
the assistance of George W. Harper, Russell M. 
Nolen, T. G. Stitts, Carl T. E. Sutherland, and G. H. Wilster. 
McGraw-Hill Publications in the Agricultural Sciences 
430 pages, $8.50 


This book was written primarily for college students majoring in 
dairy technology and for those in industry who may wish to prepare 
themselves for advancement in the field of dairy plant management. 
All aspects of the subject are covered, including plant design, equip- 
ment purchase, selection of personnel, accident prevention, the role 
of law in dairy plant management, and advertising. Major emphasis 
is placed upon labor relations, business management, business law, 


Send for Your On-approval Copy 


McGRAW-HILL BOOK COMPANY, Inc. ~ 





New York 36, N. Y. a 
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KLENZADE ‘gREAKS THROUGH” with NEW TYPE 





CRYSTAL CLEAR CHLORINATED MANUAL DETERGENT 


U0? tify 


y "Yt 
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Chlorinated 


wuy 1s Kiser-mor 


DIFFERENT ? 


It's chlorinated with exclusive 
organic chlorine 

Contains no out-dated tri- 
sodium phosphate 

It sparkles . . . crystal clear 

. instantly soluble 

Exceptional water conditioner 
—will handle all water con- 
ditions 


Foam-stabilized with high wet- 
ting speed 

Extraordinary detergency, yet 
moderately alkaline for hand 
use 


R 


ASK TO SEE 
A KLENZADE 
REPRESENTATIVE 











A Remarkable NEW Product . . . with 
Even More Remarkable Properties 


Klenzade Chlorinated Kleer-Mor makes obsolete all chlorinated cleaners. 
New in conception . . . new in technology . . . new in approach 
chlorinated Kleer-Mor is based on the recent Klenzade-perfected princi- 
ple of the use of ORGANIC chlorine to fortify detergency. Out-dated 
basic phosphates have been entirely eliminated. Chlorinated Kleer-Mor 
will handle even the hardest of water supplies. For a revelation in speed, 
penetration, stability, and over-all cleaning power, use chlorinated Kleer- 
Mor. Packed in new, water-resistant light weight “KLENZ-PACK" with 
self-contained protective cover. Easily opened with teartape. Here is the 
first step in the new Klenzade total sanitation program that will enable 
you to process milk and dairy products of superior flavor and freshness 
with surprisingly low counts. Klenzade is aiming at a shelf-life of up to 3 
weeks or more. May we help YOU? 


KLENZADE PRODUCTS, INC., BELOIT, WISCONSIN 


= KLENZADE PRODUCTS, INC., Beloit, Wisconsin 


: CO Please send further information on Klenzade chlorinated Kleer-Mor 
= (C Please have representative cali 
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Mr. Tobin’s business experience has been 
with Murray Corporation of America, Borden 


[ee Cream Co., and Penberthy Mfg. Co., all 

QuTziniiy = — for a total of six years. He attended 

. versity of Detroit where he studied 

KELCO STABILIZERS . pelo jae iaudieadiad sadliniieiien — 
M fe M: “~] bri e's | J ‘or "t i 2 

FIRST CHOICE BECAUSE Namen tthe, Corporation 2 
with Oakes and Burger of Ohio, Ine., and the 

KELCO STABILIZERS FIT es an er oO 110, Ine., ane om 


Isaly Dairy Co., both of Youngstown, O. 


YOUR REQUIREMENTS also studied chemistry and mathematics at the 
American University, Biarritz, France. 

KELCO Borden’s 

COMPANY M. F. McNett has been appointed special 

en sales respresentative for the South Atlantic 

District, cencentrating on institutional and in- 


r * 
4 
fae 


ee 


oe 
a 


530 West Sixth St., Los Angeles 14, Calif 
20 N. Wacker Drive, Chicago 6, I!linois 
Cable Address: Kelcoalgin—New York dustrial sales. 

Two ice cream plant managers have also been 


appointed. They are E. R. Barnerre, former 

ey | manager of the Hickory, N. C.. plant, and 
J. W. Beacu, former territory salesman work- 

ing out of the Hickory plant. Mr. Barnette is 

IN GALLONS new manager for the Charlotte, N. C., plant; 
OF ICE CREAM and he will retain supervisory responsibility 
STABILIZED — for the Hickory and Asheville, N. C., plants. 
YEAR AFTER Mr. Beach will sueceed Mr. Barnette at Hickory. 

YEAR = 

AFTER YEAR EK. J. Franks has been appointed district 


POOOOOOOGHGOOONHO 
CIDIDIDIDIUIIUID PADS 
NOTIAWN=OOONAL 


s 


ss | 


“Good Training , 


Not Like a 


Convention.” 


“Saved $12,000.00 
With a 
Clinic Idea.” 


Come and see for yourself. Share in the collec- Geunitlach’s 


tive knowledge and ideas of the progressive 1960 
ere Over tan 


men in your field at the 1960 ICE CREAM 


CLINIC. For reservations write: Work Clinic 


G. P. Gundlach & Company January 19, 20, 21 


P. O. BOX A, STATION N CINCINNATI 3, OHIO Cincinnati, Ohio 
{ 1 








controller for the Company’s New York Fluid 
Milk District. Mr. Franks has been with Bor- 
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A sample from each batch of Kraft powder is made into chocolate milk 
and performance-tested before any of the batch is shipped to dairies. 


This is how we make Kraft Chocolate 
Flavored Powder so uniformly good! 


1. We start with top-grade ingredients. 
Kraft buys only the finest grade cocoa 
and quality sucrose. Because these in- 
gredients must meet our rigid specifica- 
tions, you can count on uniformity of 
color and flavor in the finished product. 


2. We make our own stabilizer. Kraft 
extracts the stabilizer we use from Irish 
Moss which we harvest ourselves. Our 
special process assures thorough suspen- 
sion with the viscosity you desire. You 
order the formula designed for your sys- 


tem and its high safety range allows ad- 
justments in sweetness and strength 
without upsetting balance. 


3. We manufacture in small batches. 
Unlike other manufacturers, Kraft 
makes chocolate powder only in small 
batches. This permits more exact con- 
trol over quality. A sample from each 
batch of Kraft’s powder is made into 
chocolate milk and its performance 
tested before any of the batch is shipped 
to dairies. 


Samples for classroom work made available to accredited dairy colleges. 
Just write your nearest Kraft division office. 


(K) KRAFT FOODS—500 Peshtigo Court, Chicago 90, Illinois 


Division Offices: New York— Garland, Texas— Chicago—San Francisco 
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for 75 years 
producers of truly 
fine chocolate 
products 


we 





1884 1959 


WILBUR 


CHOCOLATE CO. 
LITITZ, PENNA. 








den’s for 30 years. He started as a bottling 
plant worker. In 1946 he joined Borden’s Farm 
Products, and in 1951 became its assistant 
controller. 


The Nestlé Company 


C. K. Ciausen has 
been named to the newly 
created position of man- 
ager of trade relations. 
The appointment is part 
of Nestlé’s new over-all 
marketing program and 
is aimed toward closer 
communication particu- 
larly in the area of the 
diseussion of trade poli- 
cies which are practical 
: and mutually beneficial. 
C. K. Clausen Mr. C lausen has been 

with Nestlé for more 
than 40 years in both traffic and sales capacities, 
most recently as New York Regional Sales 
Manager. 





DAIRY TECHNOLOGY SOCIETIES 


Central Illinois—The first fall meeting of 
the Society was held Sept. 9 in Lincoln. Bruce 
Larson, Dept. of Dairy Science, University of 
Illinois. His topie was “The Truth About Stron- 
tium 90 and Milk.” Merrie Orpine, Klenzade 














FOR TECHNICAL HELP... 


cll the man from. ED lunenthal 


& In addition to supplying you with high quality 
chocolate flavorings and coatings for your ice 
cream, The Man From Blumenthal will gladly: 


1. Discuss prices and prevailing market conditions. 
2. Arrange for his laboratory to perform special 


3. 


4. 


services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

Refer your problems to one of our consultants 
specializing in technical ice cream problems. 
Conduct research on new ideas suggested 
by you. 


BLUMENTHAL BROS. CHOCOLATE 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 


co. 
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FORT WORTH * GRAND RAPIOS 


PHILADELPHIA 
ST. PAUL 


PITTSBURGH 
SAN FRANCISCO 
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* LOS ANGELES 
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PERATURE ..-- 


HELP PROTECT 
ICE CREAM PRODUCTS 
AGAINST HEAT SHOCK 


Ice creams, sherbets and 
novelties need added protection 
against heat shock. FropEx 
makes higher freezing 
temperatures possible, thus 
reducing melt-down problems. 


FROpDEx also stabilizes ice crystals 
and produces a smoother 


mab’ texture. The pro-sugars in 

ee FROpEXx enhance the 
ats SO true flavors of dairy ingredients. 
50 In addition, there are definite 

a ae economic advantages in the use of 


FRODEX in modern ice cream 
manufacture. Write to our 
Technical Service Department 
for further details. Free 
samples of FRoDEX are yours on 
request without obligation. 





* rortiano | PRODUCTS COMPANY 


SEATTLE 
250 PARK AVENUE «© NEW YORK 17,N.¥ 
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as 
protect your profits 


> Fat determinations accurate to .03 of 1%. 

> Total solids tests accurate to 1/10th of 1%. 

> Assures uniformity, quality in finished products. 
> No previous skill necessary to operate unit. 


Send today for ‘Cash Value of Accuracy Chart" 
MOJONNIER BROS. CO., 4601 W. OHIO ST., CHICAGO 44, ILLINOIS 
~~ 


eS * 
i MILK 
QUALITY ENGINEERED FOR ECONOMY TESTERS 


Standard Throughout the World for over 40 Years 
dable Service Everywhere 








n dahle Praduct: Backed by D 





How to make 


every batch a success 


FLAV-0-LAC 


FLAKES 





“Numbered blends” have proved suc- 
cessful for plants all over the country. 
Fresh culture every week of high quality 
keeps aroma, smoothness, and flavor 
uniform in fermented milk products. 


Write for details in 
our Culture Booklet 


THE DAIRY LABORATORIES 
PHILADELPHIA 3, PA. 
Branches: New York e 


(1D 


Washington 


Products, Inc., and WARREN GALLAGHER, Fuller- 
ton Dairy, were in charge of local arrangements. 
The Society sponsors a $250 scholarship for 
a freshman in Dairy Technology at the Uni- 
versity of Illinois. 

Central Michigan—The first fall meeting 
was held Sept. 16 at Saginaw, and the main 
speaker was Frank Kovat, executive secretary 
of the Michigan Dairy Products Asociation. 
His topic was “Dairying and Seenie High 
Lights in Western Europe.” 

Kansas City Area—Sept. 24 was the date 
of the fall meeting, which featured Past Presi- 
dents’ Night and an observation of the World 
Dairy Congress through film slides. Speaker 
was W. H E. Rep, Dairy Dept., University of 
Missouri. 

Kansas—W. H. Martin, Kansas State Uni- 
versity, spoke on the topic, “Some New De- 
velopments in the Ice Cream Industry,” and 
Ricuarp Basserre, also of K.S.U., spoke on 
“Newer Knowledge of Feed Flavors in Milk.” 
The meeting was held Sept. 14 in the K.S.U. 
Student Union, Manhattan. 

Texas-New Mexico—The first fall meeting 
was held Sept. 10 at Plainview, Tex. RaLpu 
DurHAM, head of the Dept. of Animal Hus- 
bandry, Texas Technological College, was the 
main speaker. His topie was “Competitive Pro- 
duction Now and in the Future.” The next 
meeting will be held Nov. 16 at Texas Tech. 

Tri-Cities—The first fall meeting was held 
Sept. 8 with D. H. Jacopsen, research director 
of the American Dairy Association, as main 
speaker. Dr. Jacobsen’s topie was “Dairy Prod- 
uct Research and Current Health Problems.” 
Headquarters for the Tri-Cities Society is 
Louisville, Ky. 

Tri-State—Sept. 23 was the first fall meet- 
ing and it was held at Wheeling, W. Va. Main 
speaker was Roperr TrerHuNE, Director of 
Agriculture for the State of Ohic. His topic 
was “The Most Pressing Need in the Dairy 
Iudustry Today.” 

Western Michigan—Grand Rapids was the 
scene of the first fall meeting Sept. 21. Speak- 
ers were GLYNN McBripg, Dept. of Agricul- 
tural Economies, and A. L. Rippen, Dept. of 
Agricultural Engineering, both of Michigan 
State University. Their:topie was “A Progress 
Report of an Operational Study of Dairy Plant 
Costs in Michigan.” 





Projects, Consultation; and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
eology—Insecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


P.O. Box 2217-X, Madison 1, Wisconsin 
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CHAS. PFIZER & CO., INC 


Agrouitural Kewmorch and Development Center 


arse Haute, indiane 


Science Comes To The Farm Through Research 


A Review of Research 
in Milk Production 


Over 125 different papers and research studies contrib- 
uted to the editing of the latest AGRAData, this issue 
on milk production. Production in various species is 
discussed and nutritional requirements are defined, ac- 
cording to research of leading dairy scientists around 
the world. 

In addition to the major feature, each AGRAData 
includes abstracts on all phases of recent research into 
animal and poultry nutrition and health. Write for your 


copy ... you'll find AGRAData a valuable addition to 
your file. 


i ite to: 
our copy of this AGRADato, wri 
a Pfizer & Co., Inc., Agricultural Research 
Dept., Terre Haute, indiana 
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NONCHAPPING 


IOSAN’ 


PREVENTS MILK LOSSES 


“Stopped 
mastitis” 





1OSAN helps prevent the spread of 
mastitis when used on udders and 
for dipping teat cups. Nonirritating, 
yet also a powerful cleaner-sanitizer 
for all equipment. Lowers bacteria 
counts. Prevents milkstone buildup. 
1OSAN is the original patented 
“Tamed lodine'’® Germicidal Cleaner. 
Used daily by tens of thousands of 
milk producers. Especially effective 
for Bulk Tanks. For a free demonstra- 
tion contact your regular supplier or 
Lazarus Laboratories Inc., Div. West 
Chemical Products. Inc., 42-16 West 
St., Long Isiard “ity 1, N. Y. 


.- Aumouncing { 
NEW 


DRI-VAC 
CULTURES 


These new Dri-Vac 
Cultures are the result 
of over two years 
research and proving in 
actual plant operations 
on various types of 
cheese and cultured 
dairy products. 














Developed and Manufactured by: 


CHR. HANSEN’S LABORATORY, INC. 


9015 W. Maple St., Milwaukee 14, Wis. 


From the Secretary’s Desk 


Pres. A. C. Fay Confers with Secretary 


During this past summer, President and Mrs. 
A. C. Fay were residing in Tilton, N. H., while 
your Secretary and his wife were living during 
August at Boar’s Head Inn, Hampton Beach, 
N. H., where they have spent vacations for over 
20 years. This afforded an opportunity for the 
A.D.S.A. officers to have a conference on a 
number of future activities of the Association 
ineluding the formation of new committees. 


1960 Membership Campaign 


Last year space was provided on the dues 
notices for members to suggest names and 
addresses of prospective new members. About 
50 new names were suggested and a very good 
percentage of these became members. With 


1960 dues notices now being mailed to nearly 

eS . 
2,600 members, we should get more than 50 
prospective members nominated. 





H. F. Judkins and A. C. Fay 


I hope that all members will give this serious 
thought and try to think of someone who would 
be interested in becoming a member of our 
Association. If in doubt as to whether a can- 
didate is already a member, nominate him 
anyway. Names will be checked in our files 
before contact is made. 


A.D.S.A. Awards Program 


The Awards Program of our Association is 
one of its most important activities. We are 
fortunate in having a number of organizations 
so keenly interested in our Association that 
they will donate these awards year after year. 
Obviously we owe it to them to make these 
awards as competitive as possible. It is also 
important from the standpoint of donors and 
the winners that the awards go to the very 
best minds in their particular fields. 

Award nomination forms will be mailed to 
members with 1960 dues notices and it is hoped 
that more members will make nominations than 
has been the case in recent years. 


H. F. Jupkins 
Secretary-Treasurer 
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How narrow-bore liners 
can help prevent mastitis 





DE LAVAL 


Brand A 





| 


Brand 8 Brand E 


/ 





Hy i. 


Narrow-bore liner used by De Lavai 


This unretouched photo shows six differ- 
ent makes of teat cup liners. Five are large- 
bore. That is, the inside of the rubber liner 
or inflation is large in diameter. Only. the 
De Laval is narrow-bore. 

Now, recent findings by a California mas- 
titis research team show that narrow-bore 
liners cause less teat injury and udder dam- 
age .. . help protect cows from udder in- 
juries that can cause non-specific mastitis, 
which opens the way to bacterial mastitis. 
These findings from case histories of over 
200 herds also indicate that narrow-bore 
liners help bring more milk, higher quality 
milk and reduce the need for antibiotics. 


Here’s why — The glove-like fit of narrow- 
bore liners means the vacuum is limited to 
the end of the teat, allowing blood circula- 
tion throughout the teat. The rubber, which 
is under tension, closely hugs the teat and 
reduces the impact on the teat end when 
the liner collapses. What’s more, the nar- 
row-bore liner will not crawl up the teat, 
thus assuring a more thorough milking job 


V 


Large-bore liners used by other major milker manufacturers 


and greater comfort to the cow . . . regard- 
less of size of the cow’s teats. And because 
narrow-bore liners massage the teat, this 
helps eliminate tissue stress and udder in- 
jury, which often result from the use of 
other types of liners. 


SEE THE DIFFERENCE 
DE LAVAL NARROW-BORE LINERS MAKE 


Large-Bore Liner lets the Narrow-Bore Liner fits cow's 








teat ‘‘wobbie”’ teat like a 
around inside glove, thus 
the liner, minimizes im- 
increases im- pact on teat 
pact on teat when liner 

in liner col- collapses. 
lapse stage. Reduces 

Can cause ud- danger of 
der damage. udder injury. 
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SUMMARY OF CONTENTS 


Section I Objectives and Requirements of the Program 


Section II Training Program Schedules for Plant Operation 


1. Orientation 5. Procurement 
2. Plant operations 6. Sales and distribution 
3. Laboratory 7. Office work 

4. Engineering and maintenance 


Schedules providing for varying periods of time are provided for the above 
categories for the operation of 


1. Milk plants 4. Cheese plants 
2. Lee cream plants 5. Butter plants 
3. Condensed and dry milk plants 6. Evaporated milk plants 


Many questions are asked for the trainee to answer before passing from one 
phase of training to the next and progress reports and rating forms are provided. 
Section III Management and Development 


1. Developing skills in personnel management 
2. Developing skills in quality control and cost 


Many study projects are outlined which are not only essential to management 
development but may result in savings to the plant that will more than pay 
the cost of training. 

Appendix 


1. List of professional and trade organizations 
2. List of reference books, booklets, and periodicals 


COPIES WILL BE NEEDED BY: 

Plant Managers Plant Trainees 

Plant Supervisors Teachers, for a reference text 
POSTPAID PRICES: 


$4.00 per single copy 
$4.00, less 10% fcr 5 to 9 copies, one order 
$4.00, less 15% for ten or more copies, one order 


Payment to be sent with order 


Ready for distribution November, 1959. It will assist us in deciding on the number of copies 
to print and insure the earliest delivery possible if you will order NOW. 


ORDER FORM 
H. F. Judkins Date ‘ 
32 Ridgeway Circle | 
White Plains, N. Y. 

Please find enclosed $ for __. copies of the Dairy Industry Plant 


Training Manual. Deliver to: 
Name 


Company 
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APPLICATIONS AND LIMITATIONS OF QUALITY TESTS FOR 
MILK AND MILK PRODUCTS. A REVIEW! 


Cc. K. JOHNS 
Dairy Technology Research Institute, Department of Agriculture, Ottawa, Ontaric, Canada 


SUMMARY 

Changes in milk production and handling practices of recent years have altered the 
types and behavior of bacteria in milk. There is a need for reappraisal of bacteriological 
tests currently in use. With growth of bacteria in raw milk virtually eliminated by 
efficient cooling, tests applied to the freshly taken sample are not always effective in 
detecting faulty production practices. Encouraging the growth of contaminants prior to 
testing increases the utility of the tests. 

Longer refrigerated storage of pasteurized products is focussing attention on post- 
pasteurization contamination with psychrophiles. Here again, tests on freshly taken 
samples are much lecs useful than those made after these organisms have been encouraged 
to develop in the product. 

Tests for specific groups of bacteria as indices of carelessness in production and 
processing probably will grow in importance. Coliform tests will have greater usefulness 
as efficient cooling hinders the growth of these organisms in raw milk, and as their 
significance in pasteurized milk is more fully appreciated. More emphasis on udder 
health may also be expected. 

The term quality, as applied to milk and its products, embraces a variety of 
aspects. These include such diverse properties as freedom from dirt, antibiotics, 
off-flavors, pathogenic organisms, and abnormal numbers of body cells; evidence 
of cleanliness and care in production and handling as indicated by microbiologi- 
cal analysis; possession of desirable flavor and aroma, and of adequate amounts 
of those constituents of nutritional importance. Thus the meaning of quality 
differs from product to product. With milk itself, the bacteriological aspect has 
received the greatest attention. With butter and cheese, on the other hand, flavor 
is of far more importance. With ice cream, we are interested in both of these 
aspects as well as in composition. In dealing with the subject of quality tests, 
it was considered preferable to take each test in turn and consider its application, 
where appropriate, to milk and its various products. This review will not attempt 
to deal with the chemical and nutritional aspects of quality as these are extensive 
enough to warrant separate treatment. 


MICROBIOLOGICAL TESTS 


Interest in bacteriological testing of milk stemmed from the discovery that 
bacteria in milk could cause disease and spoilage. The first systematic investiga- 
tion of a milk supply was that of Sedgewick and Batchelder in Boston in 1892 
(144). From a public health standpoint the importance of bacteriological ex- 
aminations was quickly recognized and gradually such examinations have become 
a regular practice. The need (135) for uniform procedures led the American 
Publie Health Association in 1905 to appoint a committee to standardize methods. 
Studies by this and subsequent committees have resulted in successive editions of 
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Standard Methods for the Examination of Dairy Products (2), the 10th edition 
of which is currently being revised. In Europe there has also been interest in 
standardizing methods internationally ; more recently, the International Dairy 
Federation has been active in this sphere (77). 

With marked advances in the eradication of bovine tuberculosis and brucel- 
losis, together with widespread pasteurization of milk, interest in bacteriological 
testing of raw milk has largely shifted from the disease aspect. Nowadays, such 
examinations are more concerned with obtaining an estimate of the degree of care 
taken in the production and handling of milk on the farm. Nevertheless, it should 
be remembered that conditions which allow the entrance and multiplication of 
large numbers of microorganisms may also allow the entrance and multiplication 
of pathogenic types. 

The disease aspect is more important with pasteurized products, however. 
Recontamination with pathogens can have serious consequences. Direct testing 
for pathogens is impracticable, but testing to detect any recontamination after 
processing is now common. 

High bacterial populations in milk may result from heavy initial contami- 
nation, as from neglected milking machines, from growth in the milk, or from 
both. Over the vears, cooling procedures have greatly improved and, with the 
farm bulk tank, microbial growth is virtually eliminated. Consequently, cooling 
may mask careless production practices. This is causing concern to many milk 
sanitarians and there is a definite feeling that a reappraisal of testing methods 
and standards is desirable. Attempts to cope with this situation by promulgating 
stiffer standards—e.g., 50,000 per ml. (36)—are scarcely adequate, and involve 
setting up two different standards for acceptable milk. 

Long ago it was recognized that the more carefully milk is produced, the 
less important cooling becomes. This is because the udder flora, which comprise 
the bulk of the bacteria in cleanly produced milk, grows best at body temperature 
and very slowly at temperatures below 15° C. (59° F.). In Britain, the im- 
portance of this has long been recognized. Official procedures (113) for testing 
raw milk call for it to be held at atmospheric shade temperature (averaging 
slightly under 60° F.) for 12 or 18 hr. before starting the test. Obviously, this 
is less satisfactory than a fixed temperature and would be out of the question where 
wider extremes of temperature are encountered. Recently, it has been suggested 
(90) that samples be given a preliminary incubation (P.I.) at 12.8° C. (55° F.) 
for 18 hr. before testing. At this temperature the udder flora fail to multiply. 
When counts made before and after P.I. are compared, little or no increase is 
found in carefully produced milks; others, even though initially low, may have 
increased over one hundred-fold. This procedure thus tends to show up those 
milks where cooling masks faulty production practices, and rightly puts the 
emphasis on clean methods rather than on efficient cooling. A somewhat similar 
procedure has been used with bulk tank milk in Scotland (30). 

While bacteriological testing is essential in a quality control program, it is 
not enough in itself. Regular farm inspection is also considered essential. The 
work of the fieldman or sanitarian can be made much more effective by an ade- 
quate program of bacteriological testing. Both are indispensable. 
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QUANTITATIVE TESTS FOR TOTAL BACTERIA 

The Standard Plate Count (S.P.C.). This method of assessing the bacterio- 
logical quality of milk was the first laboratory test devised for this purpose. 
Before pasteurization came into widespread use, there was a tendency to regard 
the plate count as a partial index of the freedom of the milk from pathogens. 
This view has not completely disappeared. Medical authorities in Britain still 
insist on 37° C. incubation for the plate count method, on the grounds that patho- 
genic bacteria will be more readily detected at this temperature. (It is usually 
recognized that the S.P.C. is of no value for this purpose.) Nowadays, it is more 
generally accepted that the chief vali.e of the standard plate count (S.P.C.) (2) 
on raw milk is as an indication of the sanitary conditions of production and 
handling. 

Although generally conceded to be the most precise method for assessing the 
bacterial population, the S.P.C. 
cubated for a short time at a given temperature will bring out all the bacterial 
types present. Furthermore, colonies may represent single organisms or clumps 


is not without limitations. No one medium in- 


of hundreds. The degree of experimental error inherent in the method is con- 
siderable (175), so that in comparison with chemical tests the plate count is a 
rather elastic yardstick by which to measure the bacterial content. This, un- 
fortunately, is not always realized by administrators, and unwarranted sig- 
nificance is sometimes attributed to small differences in counts. There is also a 
tendency to consider the S.P.C. the sole criterion of hygienic quality, and to 
regard it as the standard against which all other tests for milk quality must be 
compared. Standardization of plating media, in order to ensure uniform produc- 
tivity from different batches of media, has yet to be accomplished, although a 
synthetic reference medium has been developed (131). 

Despite these limitations, the S.P.C. is generally conceded to be the most 
suitable method of examining raw milk with a low (e.g., less than 200,000 per 
milliliter) bacterial content. As quality improves, it is tending to replace other 
types of test. Some authorities consider it too laborious and expensive (59, 75) ; 
the United States appears to be the only country able to afford it for routine 
control of raw milk. Even here there is interest in simpler and cheaper pro- 
cedures, such as th. roll-tube method (5, 34, 75) and others (2, 67), especially for 
unofficial control purposes. In Britain, although the methylene blue test is the 
official test for routine control (113), the plate count is preferred for advisory 
purposes (19). 

As a result of the studies at the Geneva Agricultural Experiment Station 
(130), the desirability of an incubation temperature lower than 37° C. gradually 
has been accepted. Dairy bacteriologists generally prefer 30 or 32° C. 
48-hr. count. Some would like incubation for 72 hr. for pasteurized products 
(77). Public health laboratories, on the other hand, have generally preferred 
the higher temperatures used in their diagnostic work. To try to satisfy both 
groups, in 1948 incubation either at 32 or at 35° C. was made optional (2). S.P.C. 
at 32° C. is less likely to disagree with results of dye reduction tests, according 
to Harris et al. (65). Evidence continues to accumulate that 35° C. is too high 
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for certain types of bacteria (10, 11, 49), but there is still considerable resistance 
to adopting a lower temperature. 

While the plate count is generally conceded to be the most suitable test for 
measuring the bacteriological quality of pasteurized products, about all it really 
tells when applied to freshly pasteurized products is how many thermoduric 
bacteria were present in the milk before pasteurizing. To this extent, a high 
count is useful in indicating neglected milking equipment, especially milking 
machines, the chief source of these organisms. In Europe, however, the primary 
interest appears to be in the keeping quality of the pasteurized milk or cream. 
Instead of making tests on the fresh samples, it is customary to hold samples 
at 5° C. for 24 hr., then at 17° C. for another 24 to 48 hr., before testing (16, 
18, 125). After such treatment, a coliform test or a methylene blue reduction 
test is preferred to a plate count as correlating more closely with actual keeping 
quality at 17° C. 

While the same incubation period is specified in Standard Methods (2) for 
both raw and pasteurized milks, the Committee set up by the International Dairy 
Federation (77) recommended an extra 24 hr. (72 hr.) for pasteurized milk. 
This is in recognition of the fact that many organisms which survive this treat- 
ment exhibit a long lag phase, resulting in failure to form discernible colonies 
in 48 hr. This is even more true with milk powder samples; after 72 hr., counts 
are often sharply increased, and colony size is much more satisfactory for count- 
ing (86). It is believed that Standard Methods should be revised to call for 72-hr. 
incubation for dry milks; the Committee of the International Dairy Federation 
(77) has recognized the need and has recommended incubation at 30° C. for 
five days. 

In passing, it should be emphasized that a low standard plate count on a 
fresh sample is no guarantee of adequate keeping quality (87, 126). Milk may 
be a week or more old before it is consumed, and during that period has generally 
been exposed to temperatures which permit the growth of psychrophiles and some 
mesophiles. A freshly taken sample may show an extremely low 8.P.C.—mostly 
thermodurics—yet, within a week at refrigeration temperature a slight contami- 
nation with psychrophiles may result in hundreds of millions per milliliter. As 
an index of plant sanitation, the S.P.C. made on samples after holding for five 
days at 7.2° C. (45° F.) is most effective (87); this procedure is much more 
sensitive than the coliform test, either before or after refrigerated storage. 
Samples with low counts after such treatment should have excellent shelf-life. 

Other cultural methods. The S.P.C. requires considerable glassware, equip- 
ment, and media, and is expensive. Consequently, there is considerable interest 
in simplified methods, even where these may be less precise. 

The Burri slant method (2, 28) employs a calibrated loop with which to 
deposit and spread 0.001 ml. milk over the surface of a hardened agar slope in a 
test tube. Although less accurate than the S.P.C., it is a useful screening test, 
especially where, as on the farm, no laboratory facilities are available. Modifica- 
tions include the oval tube method for determination of thermodurie organisms 
(2, 119). The ‘‘Seeing Is Believing’’ test of Jamieson (2, 78), an offshoot of 
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the Burri slant method, can be used to advantage for swab tests on utensils, 
equipment, ete. 

The roll-tube method has been proposed from time to time. With the develop- 
ment of improved apparatus, especially the Astell spinner, interest has revived, 
and favorable results have been reported (5, 34, 75, 140). The method is said to 
be used fairly extensively by milk plants in Britain. Heinemann and Rohr (67) 
have described a simplified procedure employing a loop and a screw-capped 
bottle which appears to have promise. 

The membrane filter (MF) technique for total count yielded lower counts 
and was more cumbersome to carry out than the plate count method, according 
to Norwegian workers (57). 

Surface plating techniques have been advocated from time to time. The latest 
of these is that of Mallmann and Broitman (105). None of them appears to have 
found favor for routine analytical work. 

Direct microscopic count. This method (D.M.C.), deseribed by Breed (2, 24) 
in 1911, has outstanding value in furnishing a bacteriological estimate within a 
few minutes. It also enables a count to be made of body cells (leucocytes, lym- 
phoeytes, ete.) ; this is especially valuable in indicating mastitis symptoms. With 
high-count milk the method, in the hands of trained technicians, can often 
furnish a clue as to whether utensil contamination or growth is responsible, pro- 
vided the sample is from an individual can. It is also possible to preserve samples 
for later testing by adding formaldehyde (100). Despite these advantages, its 
popularity for controlling fluid milk supplies has been declining in recent years. 
In part, this is due to the trend to lower count levels, especially with farm bulk 
tank milks, necessitating the examination of many fields for quantitative determi- 
nations and, in part, to the realization that the D.M.C. grades high-count milk 
more leniently than does the 8.P.C. (81). Black (21) reported the S.P.C. to give 
higher counts than the D.M.C., with counts exceeding 50,000 per milliliter ; below 
this level, the reverse was true. The author has confirmed this. Another factor 
has been the growing recognition that many laboratories using the method lacked 
trained personnel and adequate equipment, especially illumination (21), and 
that often far too few fields were being examined (101). The effect of fatigue 
on qualified, conscientious technicians also has been belatedly recognized (99). 
The growing difficulty of obtaining suitable personnel, and their reluctance 
to undertake this work, must also be considered. While the D.M.C. is largely 
being superseded by the plate count for market milk, it is still a very valuable 
supplementary test here, and has considerable control value with the higher- 
count milk used in manufactured dairy products. 

While the D.M.C. has been recommended in place of the 8.P.C. for the control 
of pasteurized milk (111, 167), it has not been generally adopted for this pur- 
pose. More recently it is coming into use in the control of skimmilk powder (54). 
Here it gives valuable evidence of the past history of the product not obtainable 
from the viable count. Much more emphasis on adequate equipment and training 
and close adherence to Standard Methods is essential, however, if the method is 
to yield reliable results (54). 











1630) C. K. JOUNS 


A modification of the D.M.C. for making counts of thermoduric bacteria 
was proposed (106), but does not appear to have been adopted. Poor agreement 
with the plate count has been reported (51). 

‘* Little Plate’’ method. An attempt was made by Frost (56) to combine the 
advantages of the plate and direct microscopic counts. His little plate method 
involved growing the bacteria in a thin layer of nutrient agar on a microscopic 
slide, incubating in a moist chamber for 8-16 hr., then drying the film, staining 
and examining under a low-powered objective. The method is cheap and results 
are available earlier than with the S.P.C. Modifications have been published 
from time to time, but the method has failed to gain much support. Interest in 
its use as a screening procedure has recently been reported (44). It has also 
heen proposed for making counts of bacteria, molds, and yeasts in butter (82, 114). 

The methylene blue reduction test. The methylene blue reduction test (2), 
introduced in Denmark and Sweden around 1912, is probably the most exten- 
sively used bacteriological test, being widely emploved in Europe, Australia, and 
New Zealand, as well as in North America. Its great advantages are its simplicity, 
cheapness, reproducibility, and rapid detection of poor-quality milks. Technically 
trained personnel are not necessary, and several hundred samples can be tested 
simultaneously. Thus, more frequent testing is possible. 

Until recent years there has been good correlation between reduction times 
and plate counts, especially where the creaming error was minimized by periodi- 
cal inversion of the dye-milk mixture during incubation. Wilson’s (175) exten- 
sive studies were so favorable to the modified methylene blue test that in 1937 
it officially replaced the plate count for the examination of graded raw milks 
in England and Wales (113). 

Several factors have tended to distort the relationship between counts and 
reduction times. More productive media and lower incubation temperatures 
have increased the levels of plate counts. The proportion of thermoduric organisms 
has increased (152); these are slow reducers. Antibiotics in milk tend to slow 
down reduction. Psychrophiles, which sometimes comprise a high percentage of 
the flora (90), fail to grow at 35-37° C. Finally, with more efficient cooling, 
the bacteria are extremely dormant at the start of the test and substances in- 
hibiting bacterial growth are conserved. The resulting prolonged lag phase 
so delays reduction that some high-count milks escape detection. 

The creaming error, caused by the sweeping of varying proportions of the 
bacterial population to the surface with the rising fat globules (84, 175), has 
already been referred to. Wilson (175) recommended inversion of tubes every 
30 min., to redistribute the bacteria and thus minimize this error, but hourly 
inversion is equally effective (83) and more convenient. The value of this prac- 
tice is greatest with low-count milks; for milks reducing in 3 hr. or less, it is less 
important (83). 

The practice in Britain of aging or storing raw milk samples at atmospheric 


shade temperature for 12 or 18 hr. before testing has already been mentioned. 
This stems from the 1920’s, when regulations (112) governing the conduct of 
Clean Milk Competitions called for holding samples for around 24 hr. at atmos- 
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pheric shade temperature before subjecting them to analysis by the plate count. 
The weakness of this procedure lies in the wide range of temperatures encountered 
even in Britain. Thus, although the stipulated reduction time for the summer 
months is only 4.5 hr. as against 5.5 hr. in winter, summer samples show a much 
higher percentage of failures to conform than do winter samples. Furthermore, 
several workers have reported the grading to be too lenient in the winter months, 
a high percentage of samples with high bacteria counts not being detected (103, 
166, 175). Storage at a definite temperature, e.z., 12.8° C. (55° F.) would seem 
more desirable; during cold weather it would allow the growth of saprophytic 
contaminants and result in shorter reduction times. Comparison of results from 
one season to another, and one year to another, also would be facilitated. 

On this continent, the methylene blue test is rarely applied to pasteurized 
milk or cream. In Britain, where the interest is predominantly in keeping quality, 
Provan and Rowlands (136) recommended that the modified methylene blue or 
the resazurin test replace the plate count. After being held at 18° C. for 18 to 
24 hr., the sample is incubated with the redox indicator at 37° C. for 0.5 hr.; 
samples failing to reduce the dye by this time are considered to have a keeping 
time in excess of one day at 18° C. Unfortunately, the official regulations (53) 
which followed specified holding at atmospheric shade temperature (not exceed- 
ing 18.2° C.) in place of 18° C.,s recommended ; methylene blue, rather than 
resazurin, was designated as the indicator, although Provan and Rowlands had 
favored the latter. In Britain, this type of test is still applied to ice cream also, 
but its suitability appears dubious. As Humphriss (76) states, ‘‘ After all, the 
Publie Health Officers, the manufacturer and the consumer are concerned with 
the wholesomeness of the product as eaten, and not after incubation for three- 
quarters of a day at warm room temperature.”’ 

As previously mentioned, some of the more progressive dairies in Europe 
use the methylene blue reduction test as a measure of keeping quality of pasteur- 
ized products (16, 18, 125). Their practice of holding samples at 5° C. for 24 hr. 

to facilitate detection of oxidized flavor), then at 17° C. for 24 or 48 hr. before 
testing, avoids the variation in storage temperature of the British method and 
allows more satisfactory comparison of results from various periods. However, 
the coliform test is considered to be superior to the dye reduction test for this 
purpose (18, 125), particularly since rapid dye reduction is sometimes due to 
aerobic spore-formers which survive pasteurization (125). 

For milk for manufacturing purposes, where standards are not as high as 
for market milk, the methylene blue reduction test is still widely favored in most 
countries. Unless and until standards for such milk are made much more strin- 
gent, it will doubtless continue in popularity. However, as cooling of such -nilk 
becomes more effective, its usefulness in its standard form will probably decline. 

The resazurin test. As milk quality improves, reduction time increases, in- 
creasing the experimental error and making it difficult to complete testing 
in the ordinary working day. The introduction of the dye resazurin as a redox 
indicator to replace methylene blue (132) offered the advantage of earlier indi- 
cation of Eh change, and aroused considerable interest. This was heightened 








1632 ©. K. JOHNS 


by the discovery (137) that resazurin was affected by the presence of excessive 
numbers of leucocytes etc. and thus could indicate the presence of abnormal 
(mastitic, late lactation, etc.) milk. This advantage is not possessed by methylene 
blue and is largely dissipated on prolonged storage. A number of modifications 
have been described, but only three of these have come into general use. 

The 1-hr. test (137), modified from the original test by using 37° C. incu- 
bation in place of room temperature, was studied by various workers. In this 
test the degree of color change from the original blue through pink to complete 
decolorization is measured. While useful in reflecting abnormal udder conditions, 
it had limited value except where little quality-improvement work had been 
attempted ; well-cooled milks containing excessive numbers of dormant bacteria 
often escaped detection (68, 69, 91). Where samples are aged before testing, as 
is officially required in Britain, this weakness applies only during the colder 
months. The pink test (84) which followed employed the full pink color as the 
end-point; this was reached in three-fourths of the time required to reduce 
methylene blue, but unfortunately the ability to detect abnormal milks was lost. 
A modification, somewhat more involved, nas been proposed by Hempler (69 
whereby abnormal secretion may be detected by a reading at 1.5 hr. and bacterial 
numbers by readings after 3.5 and 5 hr. 

The triple reading test (2, 91) was devel®ped to avoid the disadvantages of 
the l-hr. and the pink tests. It employs a single end-point (Munsell 5P7 4) with 
readings after 1, 2, and 3 hr. This end-point ‘is reached in one-half the time 
required for methylene blue reduction. Reduction beyond this end-point within 
the first 2 hr., followed by slow subsequent change, suggests reduction by leuco- 
cytes. The triple reading test has been recognized as a standard method (2) 
since 1948, and is widely used in Canada for market milk supplies. In order to 
distinguish milk of exceptionally good quality from that of only satisfactory 
quality, Hempler (68) has suggested a slightly stiffer grading with the triple 
reading test. He comments that the triple reading test, in addition to saving 
considerable time, ‘‘reflects the sanitary quality of the milk on a far broader 
basis than does the methylene blue test.”” Overby (127), after a study of various 
tests for the bacteriological quality of milk, also gave the preference to the triple 
reading test. 

Of recent years, especially where farm bulk tanks are common, there have 
been criticisms that the resazurin triple reading test fails to detect an appreciable 
percentage of high-count milks. The organisms are so dormant that reduction 
is delayed appreciably. Here, too, preliminary incubation (90) is most useful in 
overcoming this dormancy, as well as in encouraging the growth of saprophytic 
contaminants. The poor agreement between S.P.C. and resazurin reduction time 
noted on fresh samples largely disappeared following P.I., and there was close 
agreement between gradings by these two tests (90). Unfortunately, reduction 
due to leucocytes is largely dissipated during P.I.; it is necessary to use a direct 
microscopic examination (2) or the Whiteside Test (117, 171), to detect abnormal 


milk. 
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Other forms of the resazurin test are employed in Britain. A 10-min. rejec- 
tion test is applied to milk of doubtful quality (14). This test was selected 
during the war years as being the most satisfactory of eight methods compared 
for detecting milk unsatisfactory for pasteurizing, plate counts being of the 
order of many millions per milliliter (14). [In other countries, reliance is 
placed more upon a keen nose on the inspection deck; this appears to be a more 
delicate test (36).| Where cans are owned by the producer, it is also difficult to 
visualize cans of milk being held for over 10 min. awaiting results of the test. 

In Scotland, a weekly temperature-compensated resazurin test is also officially 
required (42); the reduction time for acceptable milk varies with the mean 
atmospheric shade temperature during the preliminary holding period from 2 hr. 
at 40° F. to 15 min. at 61° F. and over. Where excessive leucocyte activity is 
suspected, a methylene blue test at 37.5° C. also is run. In Britain, grading is 
done using a Lovibond tintometer and standard color disks ranging from six 
for initial color to zero for complete decolorization. This method is considered 
to be more cumbersome and time-consuming than that using Munsell color 
standards (85) in test-tubes. 

In any modification of the resazurin test, it is well to remember that 8% 
of the male population is color-blind; also that good illumination, preferably 
from a daylight type fluorescent lamp (40, 91), is highly important. 

Golding’s modification (61), wherein dye is added to sterile vials and dried 
down, is particularly useful for plants lacking adequate laboratory facilities, 
and for use by fieldmen testing suspected quarters for mastitis (108). 

The use of another oxidation-reduction indicator, triphenyltetrazolium chlo- 
ride, has been suggested (118). Unfortunately, it is extremely sensitive to light. 
Its usefulness appears to be confined largely to heavily contaminated milks, 
although it has been advocated for use in the detection of antibiotics and other 
inhibitory agents in milk (120), and in a keeping quality test for pasteurized 
milk (26, 41). 

QUANTITATIVE TESTS FOR SPECIFIC TYPES OF MICROORGANISMS 

Thermoduric bacteria. These organisms are sufficiently heat-resistant to sur- 
vive ordinary pasteurizing temperatures and thus may be responsible for counts 
in excess of the legal limit for pasteurized products. They enter milk chiefly 
from the surfaces of inadequately cleaned milking and handling equipment and 
thus are an indication of insanitary conditions. Some sanitarians believe the 
thermoduric count is more useful here than the standard plate count (15). 
While the thermoduric count is officially determined by plating a suitable di- 
lution of raw milk after being subjected to laboratory pasteurization (2), less 
expensive modifications have been sought. These include the oval tube method 
of Myers and Pence (119), streaking measured loopfuls of laboratory pasteurized 
milk on the surface of poured plates (2) ; the agar strip method (153), a version 
of the oval tube method, developed in Britain |it is preferred over the roll-tube 
method (5), as it requires no special equipment (47); counts by both methods 


? 


were lower than by the standard plate count, but not enough to invalidate their 





1634 Cc. K. JOHNS 


successful use|; and inoculating melted agar in a test-tube or small bottle, 
holding at pasteurizing temperature for 30 min., then spreading the inoculated 
medium in a thin layer. The Astell version (5) of the roll-tube method has 
already been mentioned. 

Incubation at 32° C. is preferable to that at higher temperatures; 37° C. is 
too high for some thermodurie species. British workers (37) recommended incu- 
bation at 30° C., for four days, but subsequently (47) reduced this to three 
days. While the results from these simplified methods are more variable than 
those by the official plating method, they are quite adequate for screening out 
those milks containing excessive numbers of these organisms. A standard of 
10,000 per milliliter, commonly employed, seems unduly lenient. 

Thermophilic bacteria. Organisms capable of growing at holder pasteur- 
ization temperatures were a serious problem when batch pasteurization was 
common. With the trend toward higher temperatures with HTST and UHT 
pasteurization, the interest has diminished. These organisms are detected by incu- 
bating plates at 55° C. for 48 hr. (2), by direct microscopic examination of 
smears (2), or by a dye reduction test (methylene blue or resazurin) incubated 
at 62-68° C. (94). 

Psychrophilic bacteria. For the purpose of this review, psychrophilic bacteria 
are those able to grow actively at temperatures. below 7.2° C. (45° F.). It should 
not be overlooked, however, that their optimum growth temperatures are gen- 
erally around 25 to 30° C.; not one of 722 cultures grew at 35.5° C. (49). With 
milk being held longer at refrigeration temperatures from cow to consumer, 
opportunities for the growth of psychrophiles have increased greatly. Many 
of them are proteolytic and lipolytic, and are capable of inducing flavor and 
other defects in milk and milk products on refrigerated storage. 

The current official procedure (2) for counting psychrophiles calls for incu- 
bation at 5° C. for seven days. Some claim that this low temperature is too 
selective. Milk and its products are frequently exposed to temperatures above 
5° C.; some species capable of inducing spoilage can grow actively in this range. 
After seven days at 5° C., colonies are frequently so tiny as to be difficult to 
recognize ; counts after ten days are frequently many times larger, while some 
workers (23) found 20 days necessary to obtain maximum counts. In Denmark, 
Hempler (70) prefers 7° C. for ten days ;! this should be much more satisfactory. 

Spoilage in pasteurized milk, cream, and cottage cheese is generally due to 
psychrophilie growth. Pasteurization destroys these organisms; their presence 
in processed products represents recontamination. Examination of the fresh 
sample is not always helpful, since the numbers present may be small (126). A 
more useful procedure is to hold samples at 7.2° C. (45° F.) for five days, then 
subject them to the S.P.C. 
an opportunity to grow, and counts will often be well into the millions. This is 


at 32° C. (87). This gives any psychrophiles present 


regarded as a much more satisfactory procedure than making a_ psychrophilic 
count on the fresh sample. 


* This will probably-be specified in the forthcoming 11th edition of Standard Methods. 
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Coliform bacteria. The presence of coliform bacteria in milk and its products 
does not have the same public health significance as does their presence in water 
supplies. Hence, in routine control work there is no point in attempting to differ- 
entiate between so-called fecal and nonfeeal types. 

For the routine examination of raw milk, interest in North America has been 
largely confined to certified milk (1), although cue state (123) has a standard 
requiring freedom from coliforms in 1/100 ml. portions. It has generally been 
felt here that high counts represented growth more than direct contamination. 
With the widespread adoption of farm bulk tanks, growth will no longer be a 
factor, and more interest in the use of this test may be expected. The survey 
of milk supplies in eight U. S. cities reported in 1953 (38) showed some corre- 
lation between udder cleanliness and coliform content. The results of this survey 
(log. average coliform count 5,810 per milliliter) suggest there is room for con- 
siderable improvement. 

In Britain, various authorities (62, 148, 165) have asserted that the coliform 
test gives the best indication of cleanliness of milk production; high coliform 
counts most frequently arise from neglected milking machines (148). The possi- 
bility that high counts may come from udders infected with coliform organisms 
must not be overlooked (164). 

In pasteurized products, the use of the coliform test to detect recontamination 
has been more generally accepted. Stemming largely from the work of McCrady 
and his coworkers (109), the great value of this test, to both sanitarians and 
management, has steadily received wider recognition. The excuse that coliforms 
in pasteurized milk may not be heat-resistant was discredited by Buchbinder 
and Alff (27); the presence of coliforms in a pasteurized product definitely 
indicates recontamination and a potential health hazard. Pasteurized products, 
handled in clean, sanitized equipment, should be entirely free from coliform 
organisms. That this is possible is shown by the record of the Trifolium Dairy 
in Copenhagen (125) ; in 1955, 82.4% of samples were coliform-negative in 1-ml. 
portions after samples had been held at 17° C. (62.6° F.) for 24 hr. before testing. 
This procedure is employed by other European dairies. Encouraging results have 
also been reported by the Quebec Ministry of Health (7), where a limit of 50 
coliforms per 100 ml. is in effect. The standard of not more than 10 per milliliter 
currently in vogue in the United States (168) is so lenient as to be of limited 
value; the presence of any coliforms should call for immediate investigation. 

Two distinct types of test procedure, a plating technique and a tube dilution 
technique, are officially approved (2) in North America. Divergent opinions have 
been expressed concerning their relative merits. Where standards are stiff, 
as in Quebee (< 50 per 100 ml.), the dilution technique is preferred as larger 
volumes of milk can be tested (7). Where standards are more lenient (168), the 
plating technique is generally favored. Two shortcomings of the latter are (a) dif- 
ficulty in deciding whether small red colonies should be counted, and (b) atypical 
colonies on overerowded plates. 

When applied to products containing other sugars in addition to lactose, 
e.g., ice cream, positive results must be confirmed to avoid misleading results. 
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False positive results have been reported where sweetened and unsweetened 
fresh fruits (bananas, peaches, strawberries) are added to the mix (12). 

While 35° C. is currently the accepted incubation temperature on this conti- 
nent (2), there is evidence that higher counts would be obtained with a lower 
ineubation temperature. In Britain, the Coli-Aerogenes Sub-Committee of the 
Society of Applied Bacteriology, impressed with the evidence of numerous 37 
negative strains, has recommended incubation at 30° C. (189). Belgian workers 
(174) report that over 50% of strains positive at 30° C. were negative at 35° C. 

A unique procedure, the Bacto-strip method (55), has recently been developed 
for determining coliform counts. A definite volume of milk is absorbed by a 
sterile strip of filter paper impregnated with a suitable medium; the strip is re- 
turned to its plastic pouch and ineubated 8-10 hr. The incubation period is 
inconvenient, and counts are generally lower than those by the regular plating 
technique (89). The tendency for colonies developing from motile strains to 
coalesce is a further drawback (60). Nevertheless, the method could be quite 
useful where no laboratory facilities exist. 

The millipore filter technique has been advocated for the determination of 
coliforms in pasteurized and certified milk (48), but not enough information is 
available to date to judge of its value here. The use of a nonionic agent to facili- 
tate filtration of 10 ml. of milk or 1 ml. of cream has been suggested (50). 

Proteolytic bacteria. Organisms capable of proteolyzing casein are frequently 
responsible for undesirable flavors in dairy products. Surface taint of butter 
caused by Pseudomonas putrefaciens (43) is an example. The presence of most 
proteolytic organisms can be detected by plating on an agar medium containing 
5-10% sterile skimmilk, and incubating at approximately 21° C. for three or 
more days. Colonies arising from proteolytic types will be surrounded by clear 
zones, Where the protein has been digested by the enzymes they have secreted. 
A clear zone may also surround certain nonproteolytic bacteria which produce 
slight acidity; by flooding the plate with dilute acids, these zones around non- 
proteolytic colonies will disappear. 

Lipolytic bacteria. Organisms attacking fats are often also proteolytic and 
also psychrophiles. This makes them particularly important in butter, cream, 
and cottage cheese, which are frequentiy held refrigerated for extended periods. 
The free fatty acids liberated from fats by hydrolysis contribute pungent flavor 
and odor to the product; these may be desirable in certain cheeses, but in other 
products they generally cause defects. 

The enumeration of lipolytic bacteria is based upon detection of free fatty 
acids liberated from fat added to the culture medium; Nile blue sulfate is the 
indicator normally used. It stains normal fat globules pink; when the fat is 
hydrolyzed by lipolytic colonies, the globules stain blue. Care must be taken to 
avoid the toxic effect of an excessive amount of dye (96). One per cent of steri- 
lized stained fat is added to the tempered medium just before pouring; the fat 
should be in the form of a fine emulsion. Tributyrin is frequently preferred to 
natural fat as it is more easily hydrolyzed; however, not all organisms hydro- 
lyzing tributryrin also hydrolyze butterfat. 
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Molds and yeasts. Proper pasteurization of milk or cream destroys molds and 
yeasts; thus, their presence in a product indicates recontamination (22). Mold 
and yeast counts on butter are commonly run to check on plant sanitation ; trouble 
with mold growth on butter is much less frequent when counts are low. The 
medium currently accepted here as standard (2) is potato dextrose agar, acidified 
to pH 3.5 before pouring to inhibit bacterial growth. Olsen and Bonner (124) 
recently reported 100 p.p.m. aureomycin even more useful for this purpose, 
yeast counts frequently being much higher than with the standard medium. 
Unpublished results from the writer’s laboratory have confirmed this. 

Mold and yeast counts are also employed by progressive cottage cheese manu- 
facturers and sanitarians as indices of plant sanitation. A standard of not over 
10 per milliliter is currently being met in some areas. 

Bacto-strips (55) are also available for determining the mold and yeast count 
on equipment surfaces, in the air, ete. Good agreement with results from the 
conventional technique for determining air-borne contamination has been 
reported (89). 

Mold mycelia count. When cream is stored on the farm at unsuitable tempera- 
tures for too long periods, growth of Geotrichum candidum takes place. Although 
the mold is killed by pasteurization, dead mycelia pass into the butter in appre- 
ciable amounts. They can be counted by a method (2) similar to that used to 
detect mold filaments in tomato products. This method can, therefore, tell much 
more about the lack of care the cream has been subjected to than can a viable 
count on the butter; it is frequently employed by food and drug officials and 
may be used as the basis for seizure and confiscation of butter. 

Fermentation test. Milk for cheese-making is often tested by the methylene 
blue test, then incubation continued overnight in the fermentation test (153). 
It is believed by some that the type of curd formed indicates the types of bac- 
teria present in the milk, particularly those causing gassy defects in cheese- 
making. However, the more commonly held view is that it is better to discrimi- 
nate against milk heavily contaminated with bacteria; with lower-count levels 
the lactic acid bacteria in the starter have little difficulty in establishing 
dominance. 

Keeping-quality tests. In Britain considerable emphasis is still placed upon 
keeping-quality tests for raw milk. Since almost all milk is pasteurized, and 
since there is usually little correlation between keeping quality before and after 
pasteurization, this interest seems rather archaic. Various methods have been 
tried out; of these, the clot-on-boiling (C.O.B.) test (45) is considered the most 
accurate, although it reflects chiefly souring. In this test, portions of the sample 
are maintained at 18° C.; morning and evening a fresh portion is immersed in 
boiling water and examined for clotting; this continues until clotting occurs. 
The method appears too cumbersome and time-consuming for routine testing. 

As already indicated, the dye reduction tests are used to assess probable 
keeping quality of pasteurized milks in Europe. In the United States, TTC (26) 
and neotetrazolium (41) have been suggested for this purpose. In Europe, the 
coliform test after preliminary incubation is considered to be a more reliable 
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indication of keeping quality (18, 126). In all of these procedures, the pasteurized 
sample is maintained at a temperature—usually 17-18° C. (62.6-64.4° F.)— 
favorable for the growth of saprophytic contaminants for a period before testing. 
The S.P.C. on pasteurized samples held at 7.2° C. for five days gives a good 
indication of the extent of recontamination, especially with psychrophiles re- 
sponsible for spoilage during refrigerated storage. 

Antibiotics. The presence of antibiotics in milk, either residual from.therapy 
or by deliberate addition, can influence the results of bacteriological examinations 
(52, 92, 173), in addition to causing trouble in the manufacture of products 
dependent upon the lactic fermentation and the possible hazard to those indi- 
viduals acutely sensitive to penicillin. Where the results of bacteriological 
tests are unexpectedly good, it may be wise to test for the presence of antibiotics. 

Unfortunately, there is no rapid test whereby milk containing antibiotics can 
be detected and rejected. The incorporation of a suitable dye as a tracer has been 
reported on favorably (64, 149), but the method still lacks official sanction. This 
would appear to be the most satisfactory solution of this problem; producers 
would be much less prone to ship milk containing residual antibiotics if they 
knew that detection was simple. However, this would not preclude the possi- 
bility of the deliberate addition of antibiotics as preservatives. 

A number of different tests have been reported for the detection of antibiotics 
in milk. All of these are based upon interference with bacterial growth and 
activity. One of the simplest is a starter activity test (146), patterned after that 
introduced by Horrall and Elliker (73); here, the extent of acid development 
when inoculated with a lactic starter and incubated for several hours is compared 
with that of a control. Care must be taken, however, to exclude the action of 
naturally occurring inhibitory substances. Greater sensitivity can be obtained 
by using Streptococcus thermophilus in place of the common starter streptococci 
(17). Another form of test utilizes a redox indicator to reflect interference with 
bacterial growth when incubated at a suitable temperature ; tripheny! tetrazolium 
chloride is the indicator commonly recommended (120), although methylene 
blue (58, 143) and resazurin (115) have been used. The disk assay method has 
also been studied extensively. In its standard form (2), it is most useful for 
detecting the presence of penicillin; the test organism, Bacillus subtilis, is less 
sensitive to other antibiotics (88). An interesting modification of this method has 
recently been described (145), wherein the agar layer is flushed with resazurin ; 
the completed test takes considerably less time than the standard disk assay 
method. 

Hydrolytic rancidity. With the spread of bulk handling of milk there has been 
heightened interest in the occurrence of hydrolytic rancidity. A useful method 
for estimating the degree of its development has been developed by Minnesota 
workers (162). 

ESTHETIC CONSIDERATIONS 

Sediment. In addition to the microbiological tests already discussed, certain 
tests are commonly conducted which are concerned with esthetic considerations. 
Tests for sediment in milk (2) are usually applied to incoming raw milks. Dirt 
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has no place in milk; hence, its presence indicates carelessness in milking or 
handling. Milk containing in excess of 2.5 mg. per pint as determined by the 
off-the-bottom type of tester is customarily rejected. Unfortunately, a relatively 
clean disk may simply represent a good job of filtering on the farm, rather than 
care in production. 

Different types of apparatus for sediment testing may give quite different 
results. Preliminary studies (80) have shown that the type operated by com- 
pressed air may collect appreciably less sediment on the disk than do certain 
other types. 

There is also a tendency to consider that milk containing appreciable sedi- 
ment is also high in bacteria. This is not necessarily so. Milk may contain ap- 
preciable amounts of sediment, yet show a reasonably low count; on the other 
hand, milk free from sediment may have picked up a heavy load of contaminaticn 
from unclean equipment surfaces ete., or appreciable growth may have taken 
place. 

Sediment tests are occasionally run on bottled milks. In most well-operated 
plants, however, the milk is subjected to filtration or clarification there in ad- 
dition to straining on the farm, so the amount of sediment present is usually 
extremely small. Sediment tests for churning cream are also made by enforce- 
ment agencies; these require special facilities whereby the entire can of cream 
may be filtered (66). The visual mold test for cream (2, 129) might also be 
regarded as a form of sediment test. It is a useful additional criterion of churn- 
ing-cream quality (122). 

Milk for cheese-making may contain appreciable amounts of sediment, which 
is concentrated approximately elevenfold during the making process. The U. S. 
Food and Drug Administration has taken the lead in attacking this problem. 
In Canada since 1954, every vat of Cheddar cheese offered for grading by the 
federal grading service (111,884 in 1957) has been tested for extraneous matter, 
using essentially the procedure developed by Thibodeau (161). In 1957, federal 
grade standards (29) were amended to require a satisfactory extraneous matter 
test to qualify cheese for First Grade. This has greatly improved the picture, 
but it is suspected that it represents more effective dirt removal at farm and 
factory rather than cleaner milk production. 

Decomposition. Tests for decomposition also may be regarded as concerned 
with esthetic considerations. Here tests for water-insoluble acids (WIA) and 
butyric acid (BA) in butter come to mind (71). Lipolysis in churning cream 
caused by growth of mold or lipolytic bacteria is reflected in higher values for 
these compounds in butter, and such evidence may be used by enforcement 
agencies to take legal action. 

The souring of milk and cream also may be regarded as a form of decompo- 
sition. The titratable acidity test (2, 153) really measures the buffer capacity 
of the product. It is still widely used in the grading of churning cream; for 
market milk on this continent it has all but disappeared, but for manufacturing 
milk it is still used as a basis for rejection. Its great advantage is the speed with 
which it can be carried out. Care must be used when applying this test to milk 








1640 «. K. JOHNS 


with high solids-not-fat ; cases are known where even certified milk with counts 
under 10,000 per milliliter has been threatened with rejection because the ti- 
tratable acidity was high (153). The effect of dilution of the milk or cream with 
water (2) in reducing the titratable acidity is not generally recognized (154). 

The alcohol test (153), still used mainly to determine the suitability of milk 
for condensing, is primarily a reflection of acid development. Milk giving a 
positive reaction is usually within a few hours of curdling; on the other hand, 
some milks quite satisfactory for pasteurization may react positively (32). 

Lactic acid is the chief product of bacterial growth in most milk samples; 
a rapid test for its detection and measurement would be most helpful. Based 
on the method of Ling (102), Clegg and coworkers (133, 158) have described 
a rejection test which can be completed in 5 min.; a value of 0.03% is recom- 
mended as the lowest value of apparent lactic acid at which milk could be re- 
jected. However, even a 5-min. delay on the receiving platform would disrupt 
operations in many plants. A test of this type might replace the titratable acidity 
test in the examination of nonfat milk solids (29) ; at present careful neutraliza- 
tion makes possible the use of substandard raw material without detection. 

Mastitis. While mastitis is primarily a problem of animal health, and oc- 
casionally is a factor in the transmission of human pathogenic organisms, the 
inclusion in the milk supply of the secretion from infected udders also may be 
regarded as an esthetic problem. Regardless of the use to which it is to be put, 
no milk can be considered to be of satisfactory quality if drawn from diseased 
udders. Milk is customarily defined, in part, as the product of the uninterrupted 
milking of one or more healthy cows, yet the average leucocyte count on samples 
in the 1953 U. S. survey (38) was 680,000 per milliliter. McKenzie (110) has 
recently reported that where the leucocyte count exceeded 100,000 per milliliter, 
the solids-not-fat content was correspondingly reduced. Certainly, a count on 
herd milk in excess of 500,000 per milliliter strongly suggests an appreciable 
number of infected udders in the herd. 

Various procedures have been suggested for the detection of milks carrying 
excessive numbers of leucocytes. The direct microscopic examination of smears 
(2), using a low-powered objective, can yield very useful information in the 
hands of a trained worker. The ability of resazurin to reflect the weak reducing 
activity of leucocytes (137) can be used to indicate those herds in need of exami- 
nation ; in either the triple reading test (2, 91) or Hempler’s pink test (68, 69), 
rapid, early color change, followed by a lag for an hour or more, should be re- 
garded with suspicion. Tests can be carried out at the farm, also, preferably 
using Golding’s dried vial technique (108). 

A simple rapid procedure, which is rapidly gaining in popularity, is the 
Whiteside test (117, 171). It is effective in showing differences in herd milks, 
and can be used as a platform test; it can also be used by the fieldman, or by the 


farmer himself, to check individual cows or quarters. It has considerable edu- 
cational value, since the farmer can readily observe how milk from normal and 
from infected animals differs in appearance. Favorable reports have appeared 
from various countries; one from Sweden (3) states that the Whiteside test was 
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more valuable than the catalase or the toxin—blood agar tests, and recommends 
its adoption. The California Mastitis Test (CMT) (142), developed from the 
Whiteside test, is designed primarily for checking individual quarter samples; 
it is much more sensitive than the strip-cup test, and is the basis of a promising 
mastitis control program (72). 

The tests mentioned so far are indirect tests, useful for directing attention 
to certain milk supplies. A search for specific causative organisms also can be 
made; information from such tests is a valuable guide in treatment of mastitis. 
Samples should be taken aseptically from individual quarters. The simplest pro- 
cedure is probably the Hotis test (74), especially good for detecting Streptococcus 
agalactiae. Use of blood agar, either as streak or pour plates, is considered the 
most reliable method; the type of colony and hemolysis aids in differentiating 
various common mastitis organisms. The CAMP test (31) is very useful in 
identifying S. agalactiae by a typical hemolytic reaction. Fuller information on 
various aspects of mastitis, including testing, is given in Plastridge’s review (134). 


HEALTHFULNESS 


Over the years, milk and its products have been involved in the spread of a 
number of diseases of human as well as of bovine origin (2). In North America 
and some European countries, marked progress in the elimination of bovine 
tuberculosis and brucellosis has sharply reduced the hazard to those still con- 
suming raw milk, while the pasteurization of all but a small fraction of the milk 
supply has reduced the amount of milk-borne disease to insignificant propor- 
tions (39, 150). 


Nowadays, routine laboratory testing of raw milk supplies in regard to safety 
is largely confined to the milk ring test (2) as a screening test to detect brucel- 
losis. This simple, inexpensive test is so sensitive that when applied to pooled 
herd samples a single infected animal in a herd of 40 can be detected (79). Like 
all biological tests, it has its limitations. False positive tests occasionally occur 
in milk from noninfected cows, especially fresh cows or those suffering from 
mastitis; infected nonlactating animals escape detection, whereas milk from a 
small percentage of infected animals gives a negative reaction. Despite these limi- 
tations, the test has been of inestimable value in programs for the elimination 
of brucellosis (79). 

Phosphatase test. Although it was accepted that efficient pasteurization made 
milk safe, health officials had no assurance that the procedure had been 
properly carried out. With the development of the phosphatase test by Kay and 
Graham (95), a routine analytical method first became available that could give 
fairly substantial assurance. Underpasteurization, or recontamination with as 
little as 0.1-0.2% of raw milk or cream will result in a positive reaction. It 
is still possible for small amounts of underpasteurized milk to be mixed with 
fully pasteurized milk and escape Jetection, but judging by the greatly di. 
minished number of outbreaks of milk-borne disease (39, 150), the public health 
hazard is slight. 
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Various modifications of the original phosphatase test have been developed ; 
two of these, the New York State Department of Health and the Sanders and 
Sager methods, are accepted here as official methods (2), whereas the Scharer 
method is only a screening procedure. A modification developed by Aschaffen- 
burg and Mullen (9) is simple and rapid enough for a routine plant test, yet 
compares in sensitivity with the Kay-Graham test (95). Directions must be fol- 
lowed carefully, to avoid false positive reactions. Flavors and coloring compounds 
in ice cream which possess phenolic rings may give false positive reactions. False 
positive reactions also may result from growth of certain species of microorgan- 
isms which produce phosphatase (13, 63). Means of differentiating microbial 
phosphatases from milk phosphates have been described (98). More recently, 
reactivation of phosphatase in milk or cream processed at higher temperatures 
(176) has caused some concern to control officials. More emphasis upon keeping 
samples cold until tested would go a long way toward the solution of this problem, 
although an intensive study of reactivation is undoubtedly needed. 

Cheese made from raw milk, especially Cheddar and its modifications, has been 
responsible for numerous outbreaks of enteric disease. Regulations usually re- 
quire that Cheddar cheese sold when less than 60 days old be made from pas- 
teurized milk. The Sanders and Sager method (141) is a modification of the 
phosphatase test expressly designed to overcome the strong buffering capacity 
of cheese and the presence of interfering substances. That of Kosikowski (97) 
is another. Phosphatase tests for cheese are fully discussed in a recent F.A.O. 
monograph (98). 

While the phosphatase test may be applied to freshly churned butter to de- 
termine whether or not it was made from pasteurized cream, unsatisfactory re- 
sults have attended its application to storage butters (95, 128). 

Recently, interest has been aroused by food-poisoning outbreaks attributed 
to the presence of staphylococcus enterotoxin in nonfat milk solids (4, 8) and in 
Cheddar cheese and its modifications (6, 159, 160). While toxin production in 
raw milk itself rarely presents a hazard to health (93), due to the repression of 
growth of staphylococci by other types, some growth may take place both before 
and during the cheese-making process (107, 157). Cheese with excessive numbers 
of coagulase-positive staphylococci must, therefore, be regarded with suspicion 
(160). Counts of staphylococci in cheese are much higher during the warmer 
months (157) ; greater emphasis on prompt cooling of night’s milk should reduce 
the hazard here. 

Reliance can not be placed entirely upon low plate counts, however. In the 
manufacture of powder or in subsequent storage, the staphylococci may be killed 
off or die, but the enterotoxin remain. This was the case in the Puerto Rico out- 
breaks (8). Faulty plant practice, rather than excessive growth of staphylococci 
in milk before it reaches the plant, is more likely to be responsible for the presence 
of toxin in the powder (4). 

GENERAL OBSERVATIONS 

There is an unfortunate tendency for many people to forget that bacteri- 

ological determinations on milk or milk products are far from being precise 
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measurements. Making fine distinctions between samples on the basis of small 
differences in plate counts, for example, is entirely unwarranted, and is expressly 
discouraged in Standard Methods (2). It should further be emphasized that 
conclusions as to the quality of a milk supply should be drawn only after ex- 
amining a series of samples, not on the basis of a single sample. This is recog- 
nized in the Standard Milk Ordinance (168), where either the. logarithmic aver- 
age of the last four samples is taken or else one high count out of four is not 
penalized. 

Because milks may show appreciable differences in bacteriological content 
from day to day, it is desirable that testing be carried out as frequently as pos- 
sible. The less expensive dye reduction tests have an advantage here; they also 
indicate substandard supplies with a minimum of delay, so that the fieldman 
can check at once for the source of the trouble. 

It should be emphasized once again that the hygienic quality of milk em- 
braces a number of factors. No one method can furnish all the information 
required in quality control. In addition to estimating the total bacterial popu- 
lation, tests for thermoduric organisms and for excessive leucocyte counts are 
essential to the control of raw milk supplies; for pasteurized milk the coliform 
test, or plating after refrigerated storage for several days, is more valuable than 
the S.P.C. in indicating the care taken to minimize recontamination. 

Probably because America has been in the van of progress in respect to milk 
hygiene, there has been a tendency to overlook testing methods developed else- 
where. This attitude appears to be changing. It seems probable that such de- 
velopments as the Aschaffenburg and Mullen (9) modification of the phosphatase 
test, the use of penicillin in media for coliform testing (104, 147), the roll-tube 
procedure (5), and the coliform test on pasteurized products after previous 
incubation (16, 18, 125) could be used here to advantage. 

The widespread adoption of farm bulk tanks makes it necessary to reappraise 
standards and methods of testing developed for milk in cans. Some means of 
encouraging the growth of contaminants prior to testing appears necessary, if 
bacteriological analysis is to give a reliable indication of the care taken in pro- 
ducing and handling milk. Such a procedure, applied to all milks regardless 
of the method of handling, appears less open to objection than that of setting up 
two different standards for acceptable milk (36). Furthermore, the adoption of 
preincubation would make possible a marked improvement in many milk supplies 
without altering currently accepted standards for milk handled in cans. In effect, 
it would mean acceptance of the principle on which control of raw milk has long 
been based in Britain—that testing freshly taken samples, particularly if milks 
have been well-cooled, may yield misleading results. 
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CHARACTERISTICS OF HIGH-MELTING TRIGLYCERIDE 
FRACTIONS FROM THE FAT-GLOBULE MEMBRANE 
AND BUTTER OIL OF BOVINE MILK? 


M. P. THOMPSON,’ J. R. BRUNNER, anp C. M. STINE 
Department of Dairy—Food Technology Program, Michigan Agricultural 
Experiment Station, East Lansing 


SUMMARY 


A high-melting triglyceride fraction (HMGF) was isolated from an alcohol-ether 
extract of the fat-globule membrane and from an ethanol extract of butter oil. The 
HMGF was characterized by its iodine value (4.8-5.0), saponification equivalent (200- 
202), and melting range (50.0-52.5° C.), and by its ultraviolet (220-340 my), near- 
infrared (1.6-3.1 »), and infrared (2-14 ») spectra. The fatty acid composition of the 
fraction was determined by converting the glyceride to its constituent fatty acid methyl 
esters which were resolved by gas chromatography as follows: Cy — 0.1, Cx — 0.9, 
Cu — 11.0, Cre — 59.6, C,, — 16.5, C,,'* — 5.6, C,,* — 0.4, Cy." — 0.2, and unassigned 
components—5.8 mole %, respectively. Characteristics of the high-melting glyceride frac- 
tions obtained from the membrane and from butter oil were similar. The HMGF consti- 
tutes the triglyceride content of the membrane. 





In 1933, Palmer and Wiese (6) reported the isolation of a high-melting tri- 
glyceride from the fat-globule membrane prepared from washed cream. Later, 
Jenness and Palmer (4) published specific chemical properties of the ethanol- 
insoluble fraction extracted at 24-25° C. from buttermilk, butter serum, and 
butter oil. A recent note by Patton and Keeney (7) gave characteristics of a 
glyceride isolated from an acetone extract of milk fat. This paper presents the 
results of a study conducted independently from but concurrently with the recent 
work of Patton and Keeney. The results presented here are based on a high- 
melting triglyceride fraction (HMGF) isolated from the fat-globule membrane 
and a similar fraction obtained from butter oil as ethanol-insoluble fractions 


at: 23° GC. 
METHODS 


The iodine values, saponification equivalents, and melting-range values were 
determined according to standard procedures (1). 

Ultraviolet and near-infrared spectra of the HMG Fractions and other selected 
materials were obtained with a Beckman Model DK-2 ratio-recording spectro- 
photometer. 

A Beckman Model IR-5 double-beam infrared spectrophotometer was em- 
ployed to study the spectral range from 2 to 14 ». Samples were carried in spece- 
trophotometric-grade carbon tetrachloride. 


Received for publication January 2, 1959. 
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The HMG Fractions and butter oil were prepared for gas chromatographic 
analyses by methanolysis in Skellysolve A, according to the method described 
by Smith and Jack (9). Excess solvent was removed in vacuo. The resulting 
fatty-acid methyl-ester mixtures were resolved on a Burrell gas chromatographic 
unit. Identification of the unknown chromatographic peaks was achieved by 
comparing their elution characteristics with those from similarly prepared chro- 
matograms of a known fatty acid mixture, and by employing the known mixture 
as an internal standard. The chromatographic column was packed with 18.6 g. 
of 20% (w/w) Reoplex 400 on 60-80 mesh Celite 545 and was operated at a 
temperature of 224° C. The detector was maintained at 238° C. while the pre- 
heater was operated at 263° C. Helium was employed as the carrier gas, with 
an outflow rate of approximately 50 c¢/38.9 see. at Cys for all chromatographic 
runs. 

EXPERIMENTAL PROCEDURE 


Preparation of the high-melting triglyceride. The glyceride fraction was ob- 
tained from the concentrated fat-globule membrane prepared from washed cream 
(3). The membrane material was washed several times with peroxide-free ethyl 
ether at approximately 20° C., to remove fat which was not associated with the 
membrane complex. Lipids complexed within the membrane were extracted 
with a 35% ethanol in ethyl ether mixture for 15 min. at —10° C., followed by 
filtration and two washings with cold ether to remove the excess ethanol. Five 
additional extractions with ether at 35° C. were employed to remove the last 
traces of lipids from the membrane proteins. These alcohol and ether extracts 
The residual lipids 


‘ 


were combined and evaporated to dryness in vacuo at 40° C. 
were taken up in five volumes of acetone. The mixture was allowed to stand for 
30 min., after which the phospholipid precipitate was filtered off and the clear 
filtrate evaporated to dryness in vacuo. At this point, it should be realized that 
acetone does not remove quantitatively the heterogeneous phospholipid mixtures 
(5). The remaining phospholipids were not recovered in the HMG Fractions. 

The crude glyceride was dissolved in 600 ml. of absolute ethanol at 35° C. 
and allowed to stand overnight at 21—23° C. to allow crystallization of the HMGF. 
The copious white precipitate was separated from the yellow supernatant by 
vacuum filtration. This crystallized fraction was purified further by four crystal- 
lizations from absolute ethanol at 21—23° C. The purified glyceride fraction 
was freed of ethanol in vacuo and stored under nitrogen until analyzed. Simi- 
larly, 100 g. of anhydrous butteroil was extracted with 1,500 ml. of ethanol at 
35° C. and the HMGF allowed to erystallize at 21-23° C. The precipitate was 
treated similarly to the membrane HMGF and represented the HMGF of butter 
oil. 

Following each crystallization of the membrane HMGF, a sample of the 
ethanol supernatant was analyzed in the ultraviolet region, to determine the 


extent of removal of ethanol-soluble materials which, if present, would serve 
to mask the true characteristics of the HMGF. These spectra are shown in 
Figure 1. The characteristics of the spectra differ markedly as the number o 
erystallization steps is increased. Following the third extraction, the spectrum 
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Fig. 1. Ultraviolet spectra of ethanol extracts of the high-melting triglyceride. Curve A, 
first extract, diluted 1:2, 0.1 em. path. Curve B, second extract, diluted 1:1, 0.1 em. path. 
Curve C, third extract, undiluted, 0.1 cm. path. Curve D, fourth extract, undiluted, 1.0 em. path. 


of the ethanol supernatant began to resemble that of the HMGF (Figure 2, B). 
The first and second extractions, which were yellow in color, showed spectra 
quite dissimilar to those of the subsequent extractions. Obviously, this was due to 
the presence of absorbing substances such the sterols, beta carotene, or phospho- 
lipids. These data indicate, then, that four extractions with absolute ethanol were 
required to free the membrane HMGF of its major impurities. The ethanol ex- 
tractions were combined, evaporated to dryness in vacuo, and retained for further 
study. 

Characterization of the high-melting triglycerides. The iodine value, saponi- 
fication equivalent, and melting range for the HMG Fractions of this study were 
compared with similar values for the glyceride fractions reported by Jenness 
and Palmer (4) and by Patton and Keeney (7), Table 1. A difference exists 
between the reported iodine values of the two HMG Fractions reported here 
and the HMGF obtained by acetone fractionation from milk fat (7). This differ- 
ence might be attributed to the method of preparation; that is, ethanol extrac- 
tion as opposed to acetone extraction. 

The ultraviolet spectra of the HMG Fractions from the fat-membrane and 
butter oil are compared in Figure 2. These glycerides show identical spectral 
characteristics with five absorption maxima at 315, 301, 279, 267, and 256 my, re- 
spectively. Smith and Jack (9), reporting on the unsaturated fatty acids of 
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TABLE 1 


Properties of the HMGF isolated from the fat-globule membrane and from milk fat 





From the fat From milk From the fat From milk 


membrane fat membrane fat 

Analysis (this study) (this study ) (7) 
Todine value 5.0 4.8-4.9 5.0-7.1 2.0 
Saponification equivalent 201-202 200-202 198.8—204 . 
Melting range . 50-51.5° C. 50-52.5° C. 52-53° C. 
Refractive index at 60° C. 1.4455 1.4453 2 


Yield 44.48" 4.88%" 





* Percentage of bound lipid in membrane. 

» Percentage of original butter oil. 

© Reported by Keeney and Patton (7) to be similar to values reported by Jenness and 
Palmer (4). 
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Fig. 2. Ultraviolet absorption spectra of the high-melting glyceride fractions obtained 
from (A) butter oil and (B) the fat-globule membrane. 


milk fat, present almost identical spectral characteristics, showing absorption 
peaks at approximately 313, 300, 280, 268, and 233 mp, but not at 256 mp. These 
spectral qualities characterize the presence of unsaturation in the glycerides. 
However, the data can not be interpreted to determine the type of conjugation, 
since alkali isomerization was not employed. 

In recent years, the near-infrared region of the spectrum (2.7-3.0 ») has 
proven useful for the study of functional groups and has been especially useful 
in the identification of hydroperoxides (8). Figure 3 shows the near-infrared 
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Fig. 3. Near-infrared (photoelectric) absorption spectra of (A) tristearin and (B) the 
high-melting triglyceride in CCl,. Concentrations approximate 5%. 
spectra for the membrane HMGF, and tristearin. An examination of these 
spectra reveals that there was little similarity between these compounds in the 
region of 2.7—3.0 ». Obviously, this dissimilarity arises from the nature of the 
molecule, i.e., saturation or unsaturation. 

The infrared spectra (2-14 ») of the HMG Fractions and tristearin are shown 
in Figure 4. Although this spectral region is most useful in assigning functional 
groups, one must be cautioned against over-simplification when interpretations 
are based on these data alone. In the case of lipids, for example, the spectra of 
the fatty acids correspond closely to related spectra of triglycerides. One would 
expect this correlation because of the similarities in the functional groups of the 
related compounds. The esters, on the other hand, differ in their spectral charac- 
teristics, depending on the type of ester (i.e., methyl or ethyl). The spectra of 
tristearin and of the HMG Fractions were quite similar and corresponded to those 
published by Patton and Keeney (7). 

Gas chromatograms of the methyl esters of the fatty acids of butter oil and 
the membrane HMGF from the same milk, and a mixture of known fatty acids 
(Cy) to Crs, and Cys to Cis3=) are shown in Figure 5. These chromatograms 
were analyzed and compared with similar data reported by Patton and Keeney 
(7), Table 2. The membrane HMGF contained approximately 9 M% more 


4 
7 


Ci, and 9 M % less Cis saturated acids, and 2.0 M % more C;s unsaturated acids 
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Fic. +. Infrared spectra of (A) HMGF from butter oil, (B) HMGF from the fat-globule 


at 


membrane, and (C) tristearin. Concentration was approximately 5. 





TABLE 2 
A comparison of the fatty acid composition of the fat-globule membrane HMFG, butter oil 
from the same preparation, and a HMFG isolated from milk fat 





HMGF from the HMGF from milk 
Fatty acid fat membrane* Butter oil fat (7) 
——$$_$_____—— (MG )———_ —————___— 
A-] B-1 
( 0.1 3.9 0.3 0.7 
e.. 0.9 4.3 1.4 1.6 
Cu 11.0 12.6 12.1 13.6 
e.. 59.6 25.5 50.5 51.6 
Cys saturated 16.5 11.3 25.5 30.4 
Cis unsaturated 6.1 28.3 i 
Cis 5.6 95.8 
Cis” 0.4 a 
Cis 0.2 2.2 
Unassigned peak areas 5.8 10.5 5.9 


*Tdentieal gas chromatograms were obtained for both the membrane and butter oil HMG 
Fractions. 
» Total Cis unsaturated. 
Includes Cis unsaturated. 


than the glyceride reported by them. Specifically, the Cis unsaturated acids 
have been designated as C,s*—5.6 M %, Cis*—0.4 M%, and C,s**—0.2 M %. 
No analysis was made for C;s*. Unassigned peaks accounted for 5.8 M% of 


the total mixture. The data for the butter oil sample were presented merely for 


the purpose of establishing the nature of original milk fat. 
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Gas chromatograms of the fatty acid methyl esters of (A) 


fatty acids, (B) the fat-globule membrane HMGF, and (C) butter oil. 


twofold increase in detector sensitivity. 
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Interestingly, the chromatogram of the esterified ethanol-soluble fraction of 
the membrane showed only traces of fatty acids, indicating a complete recovery 
of the HMGF from the ethanol crystallization step, as well as suggesting that 
the entire membrane triglyceride is HMGF. A classification of the unsaponi- 
fiable materials (beta carotene, sterols, ete.), constituting the major portion of 


this fraction, is currently in progress in this laboratory. 
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COMPARISON OF NUCLEIC ACIDS AND OTHER PHOSPHORUS 
COMPOUNDS OF TERRAMYCIN-SENSITIVE AND -RESISTANT 
STRAINS OF STREPTOCOCCUS LACTIS! 


K. M. SHAHANT? 
Department of Dairy Technology, The Ohio State University, Columbus 


SUMMARY 


Terramycin-sensitive and terramycin-resistant strains of Streptococcus lactis 10A 
were inoculated in an enriched broth and ineubated at 30° C. After 6, 12, and 24 hr. 
of incubation, determinations were made for total cellular matter, acid-soluble phos- 
phorus, lipid phosphorus, nucleic acid phosphorus, protein phosphorus, and ribonucleic 
and deoxyribonueleie acids. 

The sensitive strain consistently produced more cellular matter than did the 
resistant strain. The concentrations of the various phosphorus fractions fluctuated 
during incubation. In general, acid-soluble phosphorus was present in the highest con- 
centrations in cells of both the strains, followed by protein phosphorus, lipid phosphorus, 
and nucleic acid phosphorus, in that order. At all times, cells of the sensitive strain 
contained higher concentrations of various phosphorus fractions, except for the acid- 
soluble fraction, which was present in higher concentration in the resistant cells after 
6 and 12 hr. of incubation, and exeept for the lipid phosphorus content, which was 
higher in the resistant cells after a 12-hr. incubation period. The ribonucleic acid contents 
of both cultures were three to four times higher than their deoxyribonucleie acid con- 
tents. The total nucleic acid content of the sensitive cells during the earlier stages of 
ineubation was appreciably greater than that of the resistant cells, indicating that the 
sensitive culture synthesized the nucleic acids more rapidly. However, the total nucleic 
acid content of the sensitive cells varied widely in different trials. The total nucleic 
acid content in both the strains decreased after 12 and 24 hr. of incubation, but the 
extent of decrease in the sensitive strain was more rapid than in the resistant strain, 
with the result that after 24 hr. of ineubation, the total nucleic acid content of both the 
strains was approximately the same. 





With the thought that antibiotic-resistant cultures may lend themselves to 
use in the manufacture of cultured products from antibiotic-milk, four strains 
of Streptococcus lactis were made resistant to 100 p.p.m. of terramyein (1, 15). 
Physiological studies on terramycin-sensitive and terramycin-resistant strains 
of S. lactis 10A, reported elsewhere (1, 14, 15, 16), have revealed considerable 
physiological differences between the two strains with respect to their cell 
number multiplication, acid production, utilization of phosphate esters and 
radioactive phosphorus, and metabolism of certain carbohydrates. In general, it 
was observed that the resistant strain metabolized at a reduced rate compared to 
the sensitive strain. 

Nucleic acids combined with protein constitute an essential part of all animal 
and plant cell-nuclei which play an important part in the physiological func- 
tioning of the cells. Beeause of the physiological differences between the sensitive 


Reeeived for publication October 16, 1958. 
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and resistant strains of S. /actis 1OA observed in previous studies, it was felt that 
differences might exist in their nucleic acid and nucleoprotein metabolism. These 
studies were conducted to investigate whether there existed any differences be- 
tween the nucleie acid, nucleoprotein, and other phosphorus-containing fractions 


of the terramycin-sensitive and -resistant strains of S. lactis 10A. 


EXPERIMENTAL PROCEDURE 

The terramycin-sensitive and -resistant strains of SN. lactis 1OA were grown 
in an enriched broth (pH 6.8) consisting of 0.5 g. yeast extract, 0.5 g. lactose, 
0.5 g. dibasic potassium phosphate, 0.25 g. neopeptone, and 0.25 g. peptonized 
milk per 1,000 ml. Freshly prepared medium was inoculated with 5% of a 12-hr. 
broth culture and incubated at 30° C. At the end of 6, 12, and 24 hr. of incu- 
bation, the cells were collected by centrifugation, washed two or three times with 
sterile water, and suspended in 10 ml: of sterile water. The total dry cellular 
material produced at the end of each time-interval was determined on a 2- to 
5-ml. aliquot of the suspension by means of the Mojonnier technique (9). 
Another aliquot was used for the determination of various phosphorus frac- 
tions and nucleic acids by employing the step-wise fractionation procedure of 
Sehneider (11, 12). The cell-suspension was mixed with a small quantity of 
sand and ground for 10 min. with a pestle and mortar to facilitate extrac- 
tion of various phosphorus fractions. The phosphorus fractions determined 
were acid-soluble phosphorus, lipid phosphorus, nucleic acid phosphorus, and 
phosphoprotein phosphorus. The acid-soluble phosphorus fraction was extracted 
with 10% cold trichloroacetic acid and separated from the residue by centrifuga- 
tion. The lipid phosphorus fraction was extracted from the residue with alcohol 
and hot alcohol: ether treatment. After the removal of the second fraction, the 
nucleic acid phosphorus fraction was extracted by boiling the residue with 5% 
trichloroacetic acid. Finally, the protein-attached phosphorus was determined 
after alkali hydrolysis of the residue. In all of the fractions, phosphorus was 
determined by the standard Fiske and Subbarow Method (7). Ribonucleic acid 
(RNA) was determined by the orcinol-pentose colorimetric method of Brown 
(4), as described by Schneider (12). Since orcinol reacts with both ribonucleic 
acid and deoxyribonucleic acid (12), a correction was applied for the presence 
of deoxyribonucleic acid. Deoxyribonucleic acid (DNA) was determined by 
the diphenylamine reaction of Dische and Schwarz (6), as modified by Schneider 
(12). The procedures for the nucleic acids have been described fully by Volkin 
and Cohn (17). Commercially available ribonucleic acid and deoxyribonucleic 
acid * were used for preparation of the standard curves for nucleic acids. All 


results presented in this study are expressed on a dry weight basis. 


RESULTS AND DISCUSSION 
The dry cellular matter produced by the sensitive and resistant strains of 
S. lactis 10A is illustrated by Figure 1. Dry cellular weight at zero-hour incu- 


* Obtained from the Nutritional Biochemical Corporation, Cleveland, Ohio. 
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Fig. 1. Total dry cellular matter produced by terramycin-sensitive and -resistant S. lactis 
10A. These data represent average values of three to four trials conducted with each culture 
at each time of incubation. 


bation represents the estimated values calculated from the amount of the inocu- 
lum. The resistant strain produced 10 to 14% less cellular material than did the 
sensitive strain. In a previous study (15), the rate of multiplication of the 
two strains was found to be the same, as determined by the viable cell total 
count. In the present work, the growth was determined by the total dry cellular 
matter produced by the organisms at various time-intervals of incubation. The 
variations in the two studies might be due either (a) to the production of longer 
streptococcal chains by the sensitive strain which may be more resistant to 
being shaken apart during dilution, (b) to the production of smaller-sized cells 
by the resistant strain, or (c) to the fact that the sensitive strain multiplied 
faster and approached the decline phase earlier than the other strain and, thereby, 
the dead cells of the sensitive strain contributed to the higher cellular weight. 
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The data for the various phosphorus fractions are presented (Table 1). At 
the end of 6 and 12 hr. of incubation, the resistant cells usually contained a 
higher concentration of acid-soluble phosphorus but a lower concentration of 
lipid, nucleic acid, and protein-bound phosphorus than the sensitive cells. How- 
ever, at the end of 24 hr. of incubation, all of the phosphorus fractions were 
present in lower concentrations in the resistant cells than in the sensitive ones. 
In general, the acid-soluble phosphorus was present in the highest concentration 
in cells of both strains, followed in order by the protein phosphorus, lipid phos- 


phorus, and nucleic acid phosphorus. 


TABLE 1 


Phosphorus content of the terramycin-sensitive and -resistant Streptococcus lactis 10A* 


Phosphorus content mg/g 
Phosphorus oa 
fraction S. lactis 10A > hr. 12 hr. 
Acid soluble-P Sensitive 3.66 4.54 
Resistant my 6. 
Lipid-P Sensitive 
Resistant 
Nueleie Acid-P Sensitive 
Resistant 
Protein-P Sensitive 
Resistant 


“These data represent the average results of from three to five trials. 


Results of nucleic acid analyses are presented in Table 2. The average nucleic 
acid content in the resistant cells was lower than that in sensitive organisms, at 
all incubation intervals. Wide variations existed in the nucleic acids content of 
the two strains in different trials. At the end of 6 hr., the resistant cells con- 
tained 31.9 to 40.3 mg/g (average 35.4 mg/g) of the nucleic acids, compared to 
38.3 to 56.1 mg/g (average 50.0 mg/g) by the sensitive cells. At 12 and 24 hr. 
of incubation, the cells of both the strains contained a lower concentration of 


TABLE 2 
Nueleie acid content of the terramycin-sensitive and -resistant Streptococcus lactis 10A 
at the end of various incubation periods 


Sensitive Resistant 


Compound i hr. 12 hr. 24 hr. 6 hr. 12 hr. 24 hr. 





—-—————(mg/g) 
] Ribonucleic Acid 50. 18.0 25.5 29. 


¢ 16.8 21.6 
26.4 20.6 21 


29.7 
al 22.8 19.3 
: 18.8 34.7 33.1 30.7 
a3 33.9 


Average 6 24.3 26.9 27.8 22. 23.9 


° 
? 
> 


l Deoxyribonucleic Acid 5.5 6. 9.8 
10. 7.0 


+ 
Average 


Average total nucleie acid 
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these acids than they did at 6 hr. In both strains and at all times, ribonucleic acid 
was more predominant than deoxyribonucleic acid, and constituted 72 to 83% 
of the total nucleic acid content in the sensitive cells and 71 to 80% of the 
total nucleic acid content in the resistant cells. 

The finding of higher concentrations of ribonucleic acid in the young cells 
than in the older cells seems to corroborate the report of Morse and Carter (10), 
who observed that Escherichia coli synthesized a large amount of ribonucleic 
acid during the lag period. Also, Belozersky (2) has shown that the nucleic 
acid of bacteria, yeast, and mold varied between 3 and 29%, depending upon 
their age. 

Comparison was made of two methods of determining nucleic acid—phos- 
phorus—one involving the actual determination of phosphorus and the other 
involving calculation of phosphorus from the nucleic acids found (Table 3). It 
was observed that nucleic acid—phosphorus actually determined (Column 5) 
was always lower than the nucleic acid—phosphorus caleulated from the nucleic 
acids found (Column 4). Schneider (12) observed that although all of the 
phosphorus in the trichloroacetic acid extract of animal tissues could be ac- 
counted for by nucleic acids, the nitrogen found was always higher than that 
caleulated from the nucleic acids present. He suggested that this could mean 
either that the nucleic acids present did not conform to the accepted tetranucleo- 
tide structure or that some other nitrogenous compound was being extracted by 
the acid treatment. In the present study, the disagreement between the nucleic 
acid—phosphorus actually found, and that calculated, may suggest either that 
in the process of extracting the nucleic acid fraction all of the terminal phos- 
phorus groups can not be extracted or that the phosphorus contents of the nucleic 
acids in the sensitive and resistant S. lactis are less than the accepted phos- 
phorus content of nucleic acids. 

Sevag et al. (13) have shown that in 16-hr.-old cells of Streptococcus pyogenes 
total nucleic acids (determined on the basis of purine nitrogen) constituted 
14.8 to, 24.1% of the dry weight of the cells. In the present study, the nucleic 
acids content (determined on the basis of their sugar content) of the sensitive 
and resistant strains of S. lactis was found to vary from 3.3 to 5.0% and from 


TABLE 3 
Comparison of two methods for determining total nucleic-acid-phosphorus of the 
terramycin-sensitive and -resistant Streptococcus lactis 10A 














Total* nucleic Nucleic Acid” Nucleic Acid® 
Culture Incubation time acids calculated found 
(hr.) -——_——_———-(milligrams per gram dry cells) 
Sensitive 6 50.0 4.85 1.56 
Resistant 6 35.4 3.43 1.25 
Sensitive 12 33.5 3.25 1.28 
Resistant 12 28.3 2.76 0.95 
Sensitive 24 35.6 3.44 1.47 
Resistant 24 33.7 3.26 1.19 





“From Table 2. Determined on the basis of their ribose and deoxyribose content. 

> Theoretically, ribonucleic acid of yeast contains 9.5 to 9.64% phosphorus, and deoxy- 
ribonucleic acid of thymus contains 9.89% phosphorus (12, 13). 
* From Table 1. 








1664 K. M. SHAHANI 


2.8 to 3.9%, respectively. This difference between the two studies may be due 
to physiological differences between S. lactis and 8. pyogenes or to the different 
methods used in obtaining the nucleic acid values. Nevertheless, there was 
agreement between the ratios of deoxyribonucleic acid to total nucleic acid 
found in SN. lactis and in S. pyogenes. In the present work, deoxyribonucleic 
acid constituted 17 to 28% of the total nucleic acid content of S. lactis, com- 
pared to 10 to 30% in S. pyogenes (13). Also, Cohen (5) has reported that 
normal £. coli cells synthesize three times as much ribonucleic as deoxyribonu- 
cleic acid. 

Previously, it was observed that the resistant strain utilized P** at a slower 
rate than the normal strain (15). Also, Miura eft al. (8) have reported that 
the inhibitory effect of aureomycin and terramycin on staphylococci is related 
to their inhibition of the transfer of high-energy phosphate bonds. On the basis 
of the present results, it would appear that during the development of autibiotic- 
resistance, the phosphorylation reactions of the parent S. lactis organisms were 
affected, and that the emerging mutant strain was physiologically incapable 
of utilizing as much phosphorus for nucleic acid synthesis as its parent strain. 

Boivin (3) has reported that nucleic acids, combined with proteins, constitute 
an essential part of all animal and plant cell-nuclei and play an important 
part in the physiological functioning of the cells. The differences in the nucleic 
acids metabolism of the sensitive and resistant strains as found in this study 
might be associated with the physiological differences observed earlier (1, 14, 15) 
between the two strains. 
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USE OF THE SELECTION INDEX METHOD TO ACCOUNT FOR 
THE NUMBER OF DAUGHTERS AND RECORDS IN 
PROGENY-TESTING A DAIRY BULL 


S. R. SEARLE’ 
New Zealand Dairy Board, Wellington 


SUMMARY 


Factors have been developed for taking account of the number of daughters and 
records in the progeny-test of a dairy bull. They are obtained by evaluating the re- 
gression of half the sire’s additive genetic value on a function which compares the 
bull’s daughter level to an expected daughter level. An extract from the table of the 
factors is given. 


The selection index method of ranking animals according to predicted values 
of their genetic merit has been proposed on many occasions [Hazel (2) and Lush 
(4)]. Although it is a method which is theoretically simple, its application some- 
times involves cumbersome algebraic expressions. In such cases, practical usage 
demands simplification, usually through extensive approximations. This paper 
outlines the process of such a series of approximations used in New Zealand when 
ranking dairy bulls, and shows how an unwieldy formula was reduced to a table 
of working values. 

The progeny test of dairy bulls in New Zealand since 1950 has been based on 
comparing a bull’s daughter average with the daughter average that would be ex- 
pected in a herd of the production level in which the bull has been used. Most of 
the 3,000 proofs published annually in the Sire Survey (7), and earlier, are 
one-herd natural service proofs and, as such, are based on widely differing num- 
bers of daughters and lactations. This paper shows how the proof has been 
amended to take account of these numbers, and discusses similar amendments for 
proofs of bulls used in artificial breeding. A table is given showing the factors 
used for making these amendments. 

Difference from expectancy. Prior to the changes which this paper reports, 
bulls have been ranked by an expression known as the difference from expectancy. 
In computing this, the butterfat average for a bull’s daughters is calculated 
each year, after age-correcting the records of the 2- and 3-yr.-olds. The average 
of the mature cows (ages +-9 yr.) in the same herd, excluding any of the bull’s 
daughters, is also calculated. From the latter, an expected daughter average 
is obtained from a regression line which has been estimated on many occasions 


for all proven bulls. 
E (daughter average) = 76 + .75 (mature cow average), 


E being expectation over sires. The difference from expectancy for a bull is 
eS . 


Received for publication March 18, 1959. 
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then the difference between his actual daughter average and this expected 
daughter average, namely 


D.F.E. = daughter average — E (daughter average). 


When a bull has daughters milked in more than 1 yr., the yearly values of this 
expression are averaged, weighted by the number of daughters milked each year, 
so that 

D.F.E.=d— 76 — .75m 
= 3 (d; — .75nym;) /L — 76 (1) 
i 
where L is the total number of daughter lactations in the proof, S d; is the sum over 
years of year totals for daughters, n; is the number of daughters in the proof in 
year i, and m, is the mature cow average in year i. 

In publishing the proofs, the numbers of daughters and records in each proof 
were and are still shown; and the proofs used to be broadly classified as Prelimi- 
nary, Intermediate, or Final, according to these numbers. This enabled the reader 
to assess the reliability of the proof for any bull, according to his own judgment 
of the relative importance of the number of daughters and records. This subjec- 
tive method of weighing the results has now been replaced by factors which con- 
vert the difference from expectancy into an index now published as a rating. 

Regression coefficients as factors. The object of sire selection indices is to 
rank bulls according to their breeding values. The breeding value of a bull in- 
cludes both additive and nonadditive genetic parts, and by using a suitable mathe- 
matical model a prediction of the additive genetic part can be obtained by finding 
the regression of the bull’s additive genetic value on a function of his daughters’ 
records. Suppose this regression is 


E(S)=a+ B(D.F.E.) (2) 


where S is the additive genetic value of a bull, D.F.E. is the difference from 
expectancy, and £ is expectation over the population of bulls. For ranking pur- 
poses, the a can be omitted, and since the additive genetic contribution of a bull 
to his daughters is S/2, the estimate of this which is suitable for ranking purposes 
is B(D.F.E.)/2. This is the estimated additive genetic superiority of the bull’s 
daughters over those of an average bull, out of average dams in both cases. 

Thus, 8/2 is the factor used to correct the difference from expectancy into 
an index, now published as a rating. 8 would be the same for all bulls if they 
all had the same pattern of daughter and record numbers, and ranking of D.F.E. 
alone would then suffice. This, however, is not the case. Most bulls in New Zealand 
are one-herd sires initially with few daughters and records in their proofs, 
the numbers increasing after the bull has been used for a year or two. These 
numbers affect the regression coefficients, and the problem was to develop an 
expression for 8, then simplify it and reduce it to a workable form, in terms of 
the number of daughters and records. 
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Mathematical model. The mathematical model used for the reeord of the k*’ 


th 


daughter by the j'" sire made in the i” year of the sire’s proof was 


l ] 
Ai ix at > S; os 5 Dix Bg GC’ ix. “ P;, 2: } ij 1 Cijk (3) 


where » is the mean yield of all daughters ; 


; is the additive genetic value of the 7'” 


S sire ; 


Dj, is the additive genetic value of the dam of the /'" daughter of the /' sire; 


Gi’ x, is the additive genetic value of the daughter over and above : (S;+ Dy), 
due to Mendelian sampling ; v 

Pj, represents nonadditive genetic effects and permanent environmental effects 
peculiar to the daughter ; 


sth 


Y;; is the effect of the 7” year within the herd in which the j' bull was used ; 
and e;;, is the residual error peculiar to this record. 

All terms in the model, except », were assumed to be random variables with zero 
means; the variances of S; and Dj, were assumed equal, to o,7, and that of @’ jx, 
was taken as o,~/2 and the variances of Pj, Yi;, and e;;, were taken as o,°, 
oy”, and o,”, respectively. Each set of terms (the S’s D’s...) was considered to be 
a set of uncorrelated variables, each set being independent of the other. 

These assumptions mean that the breeding value of a bull is uncorrelated with 
the breeding value of the cows to which he is mated; they also imply that the 
genetic variance among the bulls a farmer uses in his herd is the same as that 
among his cows, and that this is the same for all farmers. With one-herd bulls 
these assumptions will be untrue to the extent of the consistency with which a 
farmer can pick bulls as good as or better than the cows in his herd. The assump- 
tions also imply that the effects on production due to vears are uncorrelated, 
which is untrue when there are any carry-over effects from one year to the next; 
furthermore, it would probably be more correct to treat year effects as fixed rather 
than random. Despite these and no doubt other weaknesses in the model, it is 
expedient from a mathematical viewpoint to introduce no further terms. 

When a sire’s proof extends over more than 1 yr. (as is frequently the case), 
the required regression term involves correlations that utilize the following 
parameters : 

r = repeatability = (0,7 + 0,7) /o* 
h = within-herd heritability = o,7/0o7 


t = ‘‘seasonability’’ = oy*/o* 


o,” is the additive genetic variance within a herd, so that h as here defined is 
heritability in the ‘‘narrow sense’’; o7 is the variance of a record dj. The fol- 
lowing table shows the appearance of these parameters in correlations between 
various pairs of records that can form part of the difference from expectancy 


expression. 
Interpretation of this table is exemplified by considering the terms in the first 
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TABLE 1 


Correlations between all possible pairs of records that can exist in a proof 








Animals making records 








Year in Daughter Mature cow, 
which Daughters Mature cows Daughter Dam not the 
record daughter’s 
is made j : i k ke’ (jk) (jk) dam 
i @ji/it+t— ——— { ——» a. = 7 —— 
r h/+ r y hf2 





cell; the correlation between the record of daughter j in year i and its ree- 
ord in year 7’ is r; the correlation between its record in year 7 and that of its 
half-sib, 7’, in the same year is (h/4+ 1); and the correlation between half-sib 
records made in different years 7 and 7, is h/4. 

Assumptions. The first assumptions applied to the model to obtain the regres- 
sion were 

(i) that one-third of the daughters milked in any year have their dams milked 
in the same year, 

(ii) that no daughters milked in any year of the proof have their dams milked 
in some other year of the proof, and 

(ili) that when a daughter goes out of production it does not return to the 
herd again. 
With these assumptions and parameters, it can be shown from (1), (2), and (3) 
that 8 can be obtained from the equation 





hL? 9 
: = (1-r-t)L + 0.5h(L? — 3 nP@/m;) + (r-h/4) 3 19" 
28 i ] 
_oe ’ 9r pi 
+3 n° [t + 9(1-t) /m]/16 + ——S nn,.——, (4) 


: 16m; iene | © mam 


where L is the total number of lactations in the proof, /; daughters have had 
exactly j lactations, nj; daughters are milked in vear 7, m; mature cows (not being 
daughters) are milked in year 7, and p,, mature cows are milked in both years 
vand 7’. 

Further assumptions were needed in order to reduce (4) to a simplified ex- 
pression for 8. These included using estimates of some of the parameters, thus 
leading to an estimate of 8. The added assumptions were 

(iv) that the number of mature cows (not daughters) in the herd is the same 
every year, and that this number is 40, and 

(v) that estimates of the parameters are r= .45, h = .25, and t = .20. 

The expression for 8 then reduced from (4) to 


A 3.1 4 2 .0506 
1 B =2.8/L+1 2+ — 31,7 + —— Sn? + —~ 
a; a L 


S42» Diy /40 (5) 


» 








1670 S. R. SEARLE 


The assumed value of n; is 40; thus, DP. 40 when (i -—7’) = 1, is the fraction of 
the mature cows in a herd that are milked in two consecutive years. From the New 
Zealand Dairy Board (5), an estimate of this fraction was obtained as 70%, 
giving values for the fraction of .50 and .34 when the difference between i and i’ 
is 2 and 3, respectively. With these values, expression (5) reduced to a function de- 
pendent on the number of daughters a sire has, and the pattern of lactations which 
they have made over the years of the proof. Such an expression could be com- 
puted for each individual sire but, from a practical viewpoint, this is quite un- 
feasible, so further simplification was sought. 

Simplifications leading to working values. First, use was made of certain rela- 
tionships existing among some of the terms already defined, namely 

3d; = N, and Sn; = 
J J 

Two new sets of parameters were defined, dealing with the pattern of culling in 
a herd: re’, rs’, and ry’ . . . were defined as the fraction of 2-, 3-, and 4-yr.-olds, 
respectively, retained in a herd from one year to the next, so that (1—re’) for 
example, is the culling rate for two-vr.-olds; p;, po, and ps . . . were taken as the 
proportions of the total number of daughters in the complete proof, which were 
in the proof at the end of the Ist, 2nd, 3rd... yr. of the proof, respectively. 
These ?’’s and p’s completely specify the culling that has taken place in a herd, 
and they were substituted into expression (5) in place of the J;’s. Although it is 
not true that the same culling rates on an age basis do apply in all years of a proof 
and for all herds, this is an expedient and practical form of simplification. 


At this stage, the expressions for 8 were considered separately for 1-, 2-, 3-, and 
4-yr. proofs. For a l-vr. proof, the expression is 
~ 5.9 
1/B = — + .6775, 
L 
and this can be computed directly for any value of L. 
When there are just two years’ daughters in a proof 


2841p; (1 — ps) 


> Cus 7 
pL p- 





where p is the average number of lactations per daughter, 
le., p= L/N, (8) 
and p=1+ re’p, (9) 


by the definition of r2’ and p;. For seven different values of p; (fraction of the 
total number of daughters in the proof that were in it the Ist yr.) ranging from 
1.0 to 0.2, and for seven values of r’ (fraction of 2-yr.-olds retained in the herd 
each year) ranging from 0.0 to 0.5, values of p were calculated from (9). For 


each of these, values of p, 8 and N were expressed in terms of L from (7) and (8) 
and these were then caleulated for all values of L from 6 to 45. For any given 
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values of L and N it was found that the values of 8 for different values of p 


differed only at the third decimal place. The values of 8 were, therefore, sum- 
marized in a two-way table according to N and L. 


a 
This same procedure was followed for caleulating for proofs spreading 
5S 5 


over 3 and 4 yr., extending the values of L in these cases to 90 and 150, respec- 
tively. The ‘‘smoothing’’ of the tables became progressively a little more difficult, 
due to the gradations in p (the average number of lactations per daughter) not 
being so fine as in the 2-yr case. The sets of values for the p’s and r’s that were used 
were by no means exclusive, but they covered a wide range, from no culling to total 
culling, and from the case of assuming all daughters in a proof being in it the 


A 
Ist yr. to where only a few of them are. No highly irregular values of 8 appeared. 


a 
There were now four tables of 8 values, according to values of NV and L, de- 
pendent on whether the proof was based on 1, 2, 3, or 4 years of lactations. On 
comparing the tables, it was found that for any specified values of N and L, the 


maximum differences among the £’s of the four tables was 0.02, so that amalga- 
mating the tables entailed only negligible errors. For the same reason, it seemed 
unnecesary to carry out the calculations for proofs spreading over more than 4 yr. 


Values of B had been computed in each of the four tables for values of L taken 
at intervals of one from 6 to 20, intervals of two from 20 to 40, and thereafter at 
intervals of five. They changed with increasing slowness for large values of L, 
so the intervals were widened in the amalgamated table, taking two groups as 
31-33 and 34-37, and subsequently grouping round L-values of 40, 45 .. . ete. 
Beyond 82, the L’s were grouped by 15’s, centering on 90, 105, . . . . A similar 
type of grouping was used for the daughter numbers, starting at 25; by one’s up 
to 25, then 26-28, 29-31, and thereafter by 5’s, centering on 35, 40, .... These 
groupings seemed favourable; beyond 30, lactation numbers assume much im- 
portance only in multiples of five, and beyond 25 the importance of daughter 
numbers can not be assessed by individual ones. The result was a comparatively 
smooth table without any undue repetition of terms. 


Consideration of assumptions. It is interesting to consider the assumptions 
used in arriving at these results. The values of 1/3 in assumption (i) is taken 
from the New Zealand Dairy Board’s Annual Report (5) ; although assumption 
(ii) is in direct negation of (i), the fraction would, at most, be small and con- 
tribute little to the final result. Assumptions (iii) and (iv) are not true in 
practice, but practical necessity demands some simplifications, and these are not 
unreasonable. The average herd size in New Zealand is 60 cows, and although 
40 might, therefore, be a little high for the average number of mature cows, a 
smaller value has little effect on the factors ; using 25, decreases them by about 3%. 
The values used for r and h are in line with those in general use ; subsequent work 
of Castle and Searle (1) has shown that more appropriate values might be r = .60, 
and t = .10, but the effect of these changes would be small. Using a constant value 
for p,y /m; for all herds has the same weaknesses as assumptions (i) and (iv), but 
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the only feasible procedure for terms of this nature which vary so much from 
herd to herd is to use average values, and apply them universally to all herds. 

Factors for A.B. bulls. The development of the regressions as given above is 
for bulls used in natural service in just one herd. Those used in artificial breeding 
have daughters in many herds and this fact had to be considered in developing 
the regression factors for such bulls. It was assumed that every daughter is in 
a different herd, and that the proof is based on just 1 yr.’s records. In many eases 
this is not true, but it is (or very nearly so) at the time of a bull’s first proof, when 
his first crop of daughters have made their first records. This is probably the most 
important proof of all for a bull being used in artificial breeding, because his fate 
will be decided upon it—continued use in the stud or retirement to the meat works. 

The mathematical model used was very similar to that used in the case of 
natural-service bulls, namely, 

dix. = BT = S;+ : D+ G’ + Pa t+ H, T Cy. 

where d;, is the record of the j bull in herd k. The terms in this model are 
the same as previously except that Yj;;, the effect due to year 7 in the herd 
in which the j bull was used, is now replaced by H;,, the effect due to herd fs. 
The effect due to the 7" year is not needed here because of assuming the proof is 
based on just 1 yr.’s records. Since a bull used in A.B. has daughters in many 
herds, a herd effect term, H;, is needed; it was not included specifically in 
the model (3), for one-herd sires having natural proofs, beeause such proofs 
are based on daughters all in the same herd, and in this situation the herd- 
effect is essentially included in the terms »+ y;;. With sires used in artificial 
breeding, H,. is assumed a random variable with zero mean and variance oj’. 
Taking os” = op* =o,", as has been done, assumes that genetic variance among 
sires is the same as that among cows within a herd, an assumption that may or 
may not be true. The same parameter values were used as in the natural service 
case, with the additional one that oy is 30% of the total variance, as in Castle 
and Searle (1). 

The difference from expectancy in this situation can be expressed as 


D;= 3 (dj — .75 myx) L— 6 


k 


where m;;, is the mature cow average in Herd k. With the assumptions that have 


1 
been made, the regression of = S on D reduces to 


L 

L + 15.456 

which, for practical usage, can be expressed as 
N 

N+15 
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where NV is the number of daughters (assumed equal to the number of lactations). 
It is interesting to note that by evaluating the intra-sire regression (for A.B. 
sires) of daughter average on contemporary average, Henderson in the United 
States (3) and Robertson in England (6) obtained values V/(N +12) and 
N/(N + 18), respectively. 


Extract of table of factors. The accompanying table is an extract of the com- 


plete table of the B values, the regression of the ‘‘difference from expectancy”’ 
on one-half the sire’s additive genetie value. The difference from expectancy is 
converted to an index by multiplying it by the appropriate value in this table, 
dependent upon the number of daughters and lactations in the proof. The bottom 
line of the table shows the factors for A.B. bulls, where it is assumed that the 
number of daughters equals the number of lactations. As is to be expected, the 
factors increase at an ever-decreasing rate as the number of daughters, or the 
number of lactations, or both, increases. At the lower daughter numbers, in- 
creasing the number of daughters increases the factor more than does in- 
creasing the number of lactations from the same daughters. This effect acts 
in reverse, but not so strongly, when there are more than about 25 daughters. 
The added lactations then imply more information about an already-substantial 
number of daughters and, if this implies an added number of years in the proof, 
it means there is then more information about the herd level. These trends show 
that the first importance is to sample the bull (i.e., get a reasonable number of 
daughters, about 20) and then sample the environment by getting more lactations 
from them. 

These factors are now being used in the preparation of progeny-test proofs 


in New Zealand, the index 8 (D.F.E.) being termed a rating. 
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SUMMARY 


This study indicated higher average daily production of 4% FCM and greater returns 
over concentrate and fertilizer costs from a mixed pasture of orchardgrass and Ladino 
clover than from orchardgrass heavily fertilized with nitrogen. Differences in production 
of FCM between the two pastures averaged 5.0, 3.1, and 2.8 lb/cow/day for years 1955, 
1956, and 1957, respectively. Likewise, differences in average returns over concentrate 
and nitrogen costs were $0.31, $0.23, and $0.18/cow/day for the same years. The pro- 
gressive decline in differences in production and returns between pasture treatments by 
years appeared to be related to a similar decline in the percentage of clover in the 
mixed stand. Returns per acre were greater for the grass and clover mixture by $47.33 
in 1955 (a short pasture season) and by $55.85 in 1956. In 1957, returns from orchard- 
grass pasture exceeded those from the mixed pasture by $5.61 per acre. However, 41 more 
cow days were required per acre to produce this added return from orchardgrass. 





Agronomic yield studies of grasses and grass-legume associations have been 
conducted under many conditions. In general, the grass-legume mixtures have 
vielded more dry matter per acre than pure grass stands. However, numerous 
workers (7, 9, 10) have shown greater dry matter production by pure grass 
stands heavily fertilized with nitrogen. Very little work has been published 
concerning the relative nutritive value of grass versus zrass-lezume pastures for 
ruminants. 

Heinemann and Van Keuren (6) and Van Keuren and Heinemann (12, 13) 
have reported higher average daily gains by beef and more pounds of beef per 
acre from grass-legume mixtures than from pure grass pastures. In 1954, the 
pounds of beef produced per acre from Ladino-orchardgrass pasture exceeded 
beef production from tall fescue by 26% and from orchardgrass by 76%. The 


average daily gains from Ladino-orchardgrass were 25% higher than from 
tall fescue and 39% higher than from orchardgrass in the same comparisons. In 
1955, the mixed grass and legume stands again produced more beef per acre and 
higher average daily gains than did the grass pastures. However, the differences 
were not so great during the 2nd yr. This was attributed to a very marked 
reduction in the percentage of clover in the mixed stand. The grass plots were 
fertilized each year with 200 lb. of nitrogen per acre. The grass and legume 
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plots were fertilized with 125 lb. of nitrogen per acre in 1954 and 100 Ib. per 
acre in 1955. 

The Oregon Agricultural Experiment Station (1) has similarly reported more 
beef production per acre from grass and Ladino clover than from all-grass 
pastures heavily fertilized with nitrogen. The monetary returns per acre were 
also greater for the grass-legume pasture. 

MeVey and Mott (8) obtained more beef production per acre from a mixture 
of bluegrass and birdsfoot trefoil than from bluegrass fertilized with 120 lb. of 
nitrogen per acre. 

Blaser et al. (4) found lower daily weight gains of beef grazing orchardgrass 
or tall feseue fertilized with nitrogen than of animals grazing the same grasses 
with Ladino clover and not fertilized with nitrogen. The weight gains per 
acre were slightly higher for the animals grazing the pure grass pastures, but the 
differences were not great enough to pay for the nitrogen fertilizer used. The 
vearly rate of fertilization was 216 lb. of nitrogen per acre. 

In a three-year study, Seath et al. (11) found that orchardgrass-Ladino 
pasture ranked first in monthly persistency of milk production (98.3%), fol- 
lowed in order by Kentucky 31 feseue-Ladino (89.2%), Kentucky bluegrass— 
Ladino (87.2%), and a straight stand of Kentucky 31 feseue (81.4%). The 
straight fescue was fertilized with 200 lb. of ammonium nitrate yearly. Under 
these conditions, the fescue alone produced the highest yearly yield of TDN 
per acre (2,327 lb.) ; whereas, the three other pastures yielded about the same, 
varying from 1,726 to 1,789 lb. per aere. 

Wagner (14) has shown that Ladino clover fixed on the average more than 
150 lb. per acre annually of utilizable nitrogen when grown with orchardgrass or 
tall fescue. 

EXPERIMENTAL PROCEDURE 

The primary objective of this experiment was to compare milk production of 
cows from orchardgrass—Ladino clover pasture with that from an all-orchard- 
grass pasture liberally fertilized with nitrogen. 

Pasture establishment and fertilization. In the fall of 1954, three replicated 
plots each of orchardgrass—Ladino clover and orchardgrass were established 
for this experiment. Each plot was 0.94 acre. Akaroa orchardgrass was sown at 
the rate of 12 lb. per acre in the grass plots and 10 lb. per acre in the grass- 
legume association. Certified Ladino clover was sown at the rate of 2 lb. per acre 
in the latter. The land on which these seedings were established was Puyallup 
fine sandy loam. It had been clean-cultivated for 2 yr. to eradicate previous 
plant species. 

Mixed fertilizer (10-10-5) was applied uniformly at the rate of 350 lb. per 
acre at seeding time. The subsequent fertilizer treatments by years are shown 
in Table 1. In 1955 and 1956, the P2O; and K.O were split equally between a 
spring and fall application. In 1957, only a spring application was made because 
the project was concluded at the end of the grazing season. 

Nitrogen was applied to the orchardgrass plots at the rate of 35 lb. N per 


application. The first application was in early spring and subsequent appli- 
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TABLE 1 


Pounds of N-P2Os-K:O applied per acre by years 


1957 


Treatment 1955 1956 


Orchardgrass 120—130-65 210—-125-62 210-64—32 
Orchardgrass—Ladino clover 0-130-65 35-125-62 35-64-32 


cations were made after each grazing. No nitrogen was applied to the grass- 
legume plots in 1955. However, in 1956 and 1957, 35 lb. of N were applied per 
acre to the grass-legume plots in early spring. The nitrogen was applied as 
ammonium nitrate by means of a mechanical spreader. 

All plots were irrigated by sprinkling as needed to supply adequate moisture. 

Animal and pasture management. The first cutting of all plots was harvested 
for silage in the spring of 1955 because of the preponderance of annual weeds. 
Therefore, the pasture phase of the experiment was not started until July of that 
year. All plots were strip-grazed throughout the remainder of that season and, 
also, during 1956 and 1957. 

Adjacent plots of each pasture treatment were grazed simultaneously by two 
groups of lactating purebred Holstein cows during the 3 yr. However, the 
grazing management was varied slightly between years. 

During 1955, two groups consisting of six cows each were paired as nearly as 
possible according to age, stage of lactation, and milk and fat production. The 
two groups were assigned at random to the two pasture treatments. Strips of 
fresh pasture (subplots of approximately 0.08 acre in size) were made available 
for grazing each day by means of a movable electric fence. Thus, 12 days were 
required to graze each pair of plots and 36 days to complete a grazing cycle. 
The cows were not excluded from the previously grazed subplots and were allowed 
to graze them until moved to the next plot. 

At the end of each grazing cycle the animal groups were reversed in regard 
to the pasture treatments. Two and two-thirds grazing cycles were completed 
during 1955. 

The 36-day grazing cycle used during 1955 was too long and the forage became 
too mature between grazing periods. Therefore, the size of the daily subplots 
was increased in 1956, so that only nine days were required to graze each plot 
and 27 days to complete a cycle. The length of the first grazing cyzle was short- 
ened to 16 days in order that all plots would be grazed at a more desirable stage 
of maturity. In addition, the electric fence was moved to provide fresh pasture 
twice daily instead of once daily, except for the first day on each plot. A full 
day’s grazing was allowed on the first setting to avoid severe tramping of a 
restricted area. 

Two groups of paired milking cows were used during 1956 in the same type 
of change-over design used in 1955. The number of cows in each group was 
changed at times during 1956, to adjust the grazing load to available forage. 
However, equal numbers were pastured on each treatment and the balance was 
maintained between groups as nearly as possible. Five and two-thirds grazing 
cycles were completed during 1956. 





1678 F. R. MURDOCK, A. 8S. HODGSON, AND H. M. AUSTENSON 


Under the fertilization program previously indicated, the total forage dry 
matter production of the orchardgrass plots during 1956 was significantly greater 
than that of the grass and clover plots (Table 2). Likewise, the amount of 
uneaten forage was considerably greater on the grass plots. Therefore, the ex- 


perimental design was changed during 1957 to measure differences in total 
milk production per acre when both types of pasture were utilized to approxi- 


mately the same degree. 

Lactating cows were paired as in previous years, but Only to the extent of 
the number grazing the grass-clover plots. Additional cows were added and re- 
moved as needed to approximate optimum pasture utilization. Also, animal 
groups were not reversed in regard to pasture treatments in 1957, but each group 
remained on the assigned treatment throughout the grazing season. 

During all three pasture seasons, the cows were confined to the pastures 
night and day, except for approximately 2 hr. night and morning while they 
were at the barn for milking. 

Changes in animal weights were ascertained in each of the 3 yr. During 
1955 and 1956, the averages of two consecutive daily weights were determined 
at the beginning and end of each grazing cycle. The net weight gain or loss was 
then derived for both treatments from these average weights. In 1957, initial 
and final weights were determined by averaging three consecutive daily weights 
as animals were started and removed from the experiment. 

Concentrate feeding. A simple concentrate mixture containing 15% crude 
protein was fed at the rate of 1 lb. per 7 lb. of 4% FCM. Adjustments in rate 
of concentrate feeding were made every six days during the 1955 season and 
at nine-day intervals during 1956 and 1957. 

Observations and analyses. Milk weights for each milking were recorded to 
the nearest 0.1 lb. Composite milk samples were tested for butterfat at six-day 
intervals during 1955 and at nine-day intervals during 1956 and 1957. Weights 
of concentrates fed and refused were recorded to the nearest 0.1 lb. The amounts 
of fertilizer applied in pounds and dates of application also were recorded. 
Representative Samples of concentrates fed were analyzed for proximate compo- 
sition by standard A.O.A.C. procedures (2). 

Dry matter yields of the pastures were computed from mowed samples taken 
from successive strips before the cows were allowed to pasture. After the cows 
were moved to the next replicate, comparable strips were mowed again to de- 
termine the amount of dry matter apparently consumed. The Gravely mower 
used to make these clippings left very little trampled forage after grazing. 

The percentages of grass and clover in both pasture treatments were deter- 
mined on a dry weight basis from hand separations of samples of clipped forage 
taken for dry matter yields. 

Significances of differences in production of 4% FCM between pasture treat- 
ments were determined on the data from four grazing cycles during 1956, by an 
analysis of variance according to the methods of Federer (5). Similar statistical 
analyses could not be applied to other cycles in the 1955 and 1956 seasons because 


of experimental design. 
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RESULTS AND DISCUSSION 


The dry matter yields of the pastures and the dry matter consumption by the 


grazing animals are summarized in Table 2. Correlations of dry matter yields, 
dry matter consumption, and milk production are being reported in another 


publication (3). 

Variations in the percentage of clover in the stands and the weighted averages 
for the 3 yr. are shown in Table 3. A yearly decline in the percentage of 
clover in the mixed stand is very evident. Differences in dry matter production 
between the grass and the grass-clover appear to be related to the yearly decline 
in the clover stand and a concomitant decline in nitrogen fertility of the mixed 
stand. 

A nitrogen deficiency became apparent in the orchardgrass-Ladino plots after 
the first grazing cycle in 1957. This was evidenced by the yellowish color of the 
grass and reduced rate of growth as compared to grass in the nitrogen fertilized 
plots. Data in Table 2 indicate higher dry matter yields of both treatments in 
1957 than in 1956, in spite of the nitrogen deficiency apparent in the grass- 
clover plots. These yearly differences were the result of differences in spring 
growing conditions. Spring forage production was low in 1956, following a long, 
severe winter, but very abundant in 1957 whea growing conditions were very 
favorable. 

The consumption of dry matter in 1955 was significantly higher on grass and 
clover than on grass alone, even though there was no significant difference in the 
total dry matter production between treatments. Dry matter production in 1956 
was significantly higher for the pure grass plots, but there was no apparent 
difference in consumption between the two treatments. In 1957, both the dry 
matter production and the dry matter consumption were significantly higher for 
the pure grass treatment. In all 3 yr., the percentages of available dry matter 
consumed by the grazing animals were higher for the orchardgrass-Ladino treat- 
ment than for the pure grass treatment. These differences indicate that the 
grass and clover combination was more palatable. 

As has been previously indicated, the rate of stocking was varied between 
treatments during 1957 so that the available forage from both treatments would 
be used to the same extent. That this was nearly accomplished is indicated by 67 
and 70% consumption of available dry matter from the orchardgrass and orchard- 
grass-Ladino pastures, respectively. 

Variations in the average production of FCM by two groups of cows grazed 
alternately on orchardgrass-Ladino clover and orchardgrass pastures during 1955 
and 1956 are shown graphically in Figures 1 and 2. An increase in milk produe- 
tion is evident when either group was changed from grass pasture to the mixed 
grass and clover. Each bar in the graph represents the average production by 
the group while grazing one plot. Three bars represent a complete grazing cycle. 

Inasmuch as the experimental design was changed during 1957 so that unequal 
numbers of animals were pastured on the two treatments, it was not possible to 
present the production data graphically for that year in the same manner as 
indicated above. 
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Fic. 1. Variations in average production of FCM by cows on orchardgrass—Ladino clover 
and orehardgrass pastures during the 1955 season. (Numbers in bars denote successive plots 


grazed within each pasture cyele. ) 


An analysis of variance was made on a portion of the milk production data 
during 1956, to test the significance of differences in milk production between 
cows while grazing orchardgrass-Ladino clover and orchardgrass alone. Data 
from the first and last grazing cycles could not be used in this analysis, because 
the number of days and the number of animals used were not the same as in the 
intervening cycles. Also, the data from the first plots grazed after each reversal 
were not used, since these were considered as change-over periods. The period 
covered by this analysis was from May 30 through September 15 and involves the 
data from four complete grazing cycles and three group reversals under each 
treatment. There were five milking cows per group during this period. 

The results of this analysis are in Table 4. The greater production of 4% 
FCM by the cows while grazing orchardgrass—Ladino clover was very highly 
significant (P = < 0.0005). 


TABLE 4 
Analysis of variance to test the significance of differences in production of 4% FCM 
by cows grazing alternately orchardgrass—Ladino clover and orchard- 
grass alone, from May 30 through September 15, 1956 





Degrees of Sum of 
Source of variation freedom squares Mean square 
Total 39 
Periods ? 
Cows within periods 18 517,843.38 
Subperiods 2 46,765.75 
Treatments within periods 2 36,786.03 
Treatments l 33,744.49 33,744.49 ** 
Treatments X periods 1 3,041.54 
Error 16 11,769.81 735.61 
** P= < .0005. 
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In comparing the milk production and forage production and consumption 
data by years, it is interesting to note that during 1956 cows produced more milk 
while grazing the grass-clover mixture, in spite of the fact that more total forage 
dry matter was consumed from the grass plots. However, differences in dry 
matter consumption under the two treatments were not significant during that 
year. 

Summaries of the production of 4% FCM and of the economic returns from 
orchardgrass—Ladino clover and orchardgrass pastures for the 3 yr. are in 
Table 5. The summaries for 1955 and 1956 do not include that portion of the data 
applicable to the change-over periods as previously described. Inasmuch as each 
animal group was confined to one pasture treatment throughout 1957, the data 
from all plots were included in the summary for that year. 

Average daily production of FCM per cow while grazing orchardgrass— 
Ladino clover exceeded that from cows while grazing orchardgrass during all 
3 yr. The differences in FCM production between the two pasture treatments 
were 5.0, 3.1, and 2.8 lb. per cow per day for the years 1955, 1956, and 1957, 
respectively. Similarly, the average returns from grass and clover pasture 
exceeded those from grass alone by $0.31, $0.23, and $0.18 per cow per day for 
the 3 yr. 

The average returns per acre from the orchardgrass-Ladino plots exceeded 
returns from orchardgrass during 1955 and 1956, but fell slightly below the grass 
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plots in 1957. As indicated in Table 2, considerably more dry matter remained 
on the orchardgrass plots after grazing than on the grass-clover plots. This was 
particularly true during 1956. Whether this ungrazed dry matter could have 
been utilized economically is problematical. In 1957, when more cows were 
allocated to the orchardgrass treatment to use the available forage of both treat- 
ments to the same extent, it was found that +1 more cow days per acre were re- 
quired for the orchardgrass treatment. Additional labor and investment costs, 
not previously taken into account in calculating the returns shown in Table 5, 


probably would nullify these apparently greater returns. Thus, it appears that 


greater production of milk per acre was obtained at the expense of reduced 
production per cow. 

Only the costs of concentrates fed and of the ammonium nitrate applied to the 
pastures were taken into uccount in computing the returns from pasture. It is 
assumed that other costs would be comparable for both treatments, except as 
noted above during 1957. A value of $4.25/ewt for 4% FCM was used, because 
that was the approximate blend price for milk produced in the Puget Sound 
area during the summer of 1958. The prices used for concentrates and ammonium 
nitrate are the approximate prices farmers would pay for these commodities in 
the area. 

The average gains and losses in body weight per cow day are shown in Table 6. 


Inasmuch as weight changes were quite variable between years and between ani- 


TABLE 6 
Average gains (+) and losses ( 
Treatment 1955 1956 
Orchardgrass “0.24 +1.26 


Orchardgrass—Ladino clover +0.12 0.29 


mals within treatments, their significance is questionable. However, during 
1956 there was a definite tendency for cows to make greater weight gains while 
grazing pure orchardgrass than while grazing grass and clover. 

The formula for the concentrate mixture fed the cows was the same for all 
3 yr. The average proximate analysis of the concentrate mixture was 9.6% 
moisture, 15.0% protein, 3.7% ether extract, 7.0% crude fiber, and 5.5% ash. 

One cow bloated on two occasions in 1955 on the orchardgrass-Ladino pasture. 
The condition was relieved on both occasions by appropriate medication or by 
means of a stomach tube. These were the only instances of bloat in 1,547 cow 
days of grazing orchardgrass-Ladino pasture during the 3 yr. of the experiment. 
Both instances of bloat occurred during the first day’s grazing of a new orchard- 
grass-Ladino plot when the cows had access to a full day’s grazing at one setting. 
It seems likely that the system of strip grazing used (two settings per day) may 


have aided materially in the control of bloat. 
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A COMPARISON OF THE RELATIVE EFFICIENCY OF 
THREE PASTURE UTILIZATION SYSTEMS 


C. H. GORDON,’ O. J. HUNT,’ G. R. MOWRY,’ anp W. R. HARVEY ‘ 
Agricultural Research Service, USDA, Beltsville, Maryland 


SUMMARY 


Utilization of pasture forage by rotational grazing, strip grazing, and soiling, 
and the effect of these systems on milking dairy cows, was compared at Beltsville in 
1954-56. Forage was produced on improved pasture typical of the area. Forage utilized 
per acre was measured as calculated TDN furnished to milking cows plus TDN removed 
as excess forage. Effect of the systems on the cows was measured by seasonal milk 
production and live weight changes. 

Average amounts of forage utilized per acre were essentially the same for the 
two grazing systems. These values were significantly greater for both grazing systems 
than for the soiling system. 

Neither milk production nor live weight changes per cow were significantly affected 
by the method of providing forage. 

The legume content of forage from all areas was rapidly reduced during an extended 
dry period and remained low during the remainder of the experiment. 

Conventional rotational grazing was distinctly the most desirable method of utilizing 
the forage produced under the conditions of this experiment, although it has been recog- 
nized that production of taller, more intensive crops and/or more wasteful management 
of rotational grazing, such as understocking or allowing forage to become more mature, 
will provide conditions offering a distinct advantage to strip grazing or soiling. 





Three rather distinct pasture forage utilization systems have developed from 
pasture investigations, in an attempt to reduce the forage wastes that have 
typified set-stocking and continuous grazing of high-yielding pasture. Although 
the systems vary in detail and nomenclature between locations, they may be 
generally described as: 1. Rotational grazing (also known as paddock grazing), 
whereby the plots of a divided pasture area are grazed in succession for from five 
to ten days each. 2. Strip grazing (also known as break grazing, daily rationed 
grazing, and close folding), whereby a subplot sufficient for one day’s grazing 
is assigned each day. 3. Soiling (also called zero grazing, mechanical grazing, and 
green chop feeding), whereby the forage is mechanically harvested and fed to 
cows in the barn or dry lot. The relative merits of these three utilization systems 
are, as yet, matters of no general agreement. Comparisons under a wide variety 
of situations will be required to assess their values with certainty. 

Interest in strip grazing was initially stimulated by reports from Great 
Britain. Holmes ef al. (9) in 1950 and Waite et al. (23) in 1952 reported marked 
increases in pasture yields in terms of cow-days, milk, and caleulated starch 
equivalents from strip grazing as compared to rotational grazing. The greater 
efficiency resulted from the smaller acreage requirement of the strip grazing 
group. However, additional reports by the same authors, (10) and (24), respec- 
tively, showed the rotationally grazed group to have obtained an appreciably 
higher dry matter intake, indicating that the need for additional acres may have 
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been less real than apparent. Similar increases in milk yield per acre through the 
reduced grazing wastes of strip grazing were reported by Procter et al. (17, 18). 

Soiling has been practiced in this country and abroad for many years. How- 
ever, soiling has been confined to specialized annual crops during much of this 
period and regarded only as a supplement to grazing. A report by Graves et al. 
(5) appears to have been one of the first direct comparisons of soiling and grazing 
the same crop. Their data indicated a somewhat greater yield of TDN for dairy 
cows from grazing. At about the same time, Tretsven (21) observed no material 
reduction in acreage requirement, by using a combination of soiling crops when 
good irrigated pasture was available. 

Numerous studies of the relative value of these utilization systems recently 
have been reported. Ittner, Lofgreen, and Meyer (11) and Meyer, Lofgreen, and 
Ittner (14) have reported similar gains per steer under strip and rotational 
grazing of alfalfa, but markedly higher beef yields per acre from strip grazing. 
Gullickson and Wilcox (6), Henderson, Cobble, and Cook (8), and Hale et al. 
(7) also have reported marked increases in milk or meat per acre from soiling, 
when compared to rotational or strip grazing, production per animal being essen- 
tially the same. However, Richard et al. (19) observed a greater gain per steer, 
as well as more efficient forage utilization from soiling as compared to strip or 
rotational grazing. 

Experiments in which neither milk production per acre nor per cow were 
significantly different between utilization methods also have been reported during 
this period {Brundage et al. (2), Gullickson and Wilcox (6), Smith and Keyes 
(20), MeMeekan (13), and Porter and Skaggs (16) }. 

These seemingly contrary results seem to indicate that a factor(s) other than 
utilization systems has been operative. The differences can not be entirely recon- 
ciled on the basis of crop species, since some species, notably alfalfa and smooth 
bromegrass, are common to both types of results. On the other hand, it seems 
quite possible that differences in stocking rate may have confounded main 
effects to some extent, since, in the work cited, except that of Richard et al. (19), 
higher yields per acre have been associated with higher stocking rate rather than 
with higher yields per animal. Ivins, Dilnot, and Davison (12) have pointed 
out that the portion of total pasture forage consumed in excess of the require- 
ments to meet the potential productive ability of grazing animals will result in 
luxury consumption which is not reflected in additional production. McMeekan 
(13) has also concluded that of the major factors affecting efficiency of pasture 
conversion 61 a per-acre basis, stocking rate is by far the most powerful weapon. 
Thus, differential stocking rates may represent unrecognized treatment dif- 
ferences. 

This experiment was initiated to determine the relative merits of rotational 
grazing, strip grazing, and soiling for milking herds being fed from improved 
pastures typical of the Beltsville area. These systems were compared on the 
following basis: (a) effect on the total nutrients utilized per acre; (b) effect on 
the production of milking cows; (c) effect on the relative needs of the cows for 
grain supplements ; (d) effect on the grass-legume ratio in the sod. 
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EXPERIMENTAL PROCEDURE 

The experimental area consisted of 12 one-acre plots on which an orchard- 
grass-Ladino clover pasture had been established in 1953. The utilization systems 
were randomly assigned to the three plots within each of four blocks. Additions 
of commercial fertilizer were uniform among treatments, but variable from year 
to year, depending on the apparent requirements of the sod (Table 1). Manure 
was applied to the soiling plots to compensate for the lack of manure from grazing 
animals. 

The four plots available to each treatment were used rotationally. The grazing 
groups were moved from plot to plot concurrently, at intervals of from five to 
ten days; whereas, soiling harvests were scheduled independently, depending on 
the availability of sufficient forage for mechanical harvesting. Forage in excess 
of the needs of experimental animals was removed as hay or silage and credited 


to the proper system, according to its estimated TDN content (15). Thus, the 


number of times each plot was grazed or harvested depended on its relative 
position in the rotation and whether it was soiled or grazed. Each plot was man- 
aged in a way thought to be most advantageous to its particular system, and all 
were grazed or harvested four or five times each year. 

The forage available on each plot previous to grazing or soiling was estimated 
by cutting sample strips of forage by the method outlined by Wagner et al. (22). 
The available dry matter was also expressed as estimated TDN, to facilitate com- 
parison with the TDN obtained. The dried strip samples were used for estimating 
the percentage botanical composition of the crop. 

Portable electric fences were moved daily in conjunction with the strip 
grazing treatment. Such fences were also used when necessary to protect parts 
of the rotationally grazed plots for mechanical harvesting. Improvement of 
fencing materials developed during the experiment have previously been re- 
ported (4 

The value of these plots for supporting milking dairy cows was measured by 
the TDN requirements of the cows which utilized them. Four milking cows were 
assigned to each system. Cows were chosen from a group that had calved 2 to 4 mo. 


TABLE 1 
Fertilizer applications 


Pounds 
Application date Method and areas Fertilizer type per acre 


April, 1953 Band seeding, all plots 0-14-14 500 
October, 1953 Broadeast, all plots 0-14-14 500 


March, 1954 Broadeast, all plots 0-10-20 300 
October, 1954 Broadeast, all plots 0-10-20 300 


February, 1955 Broadeast, soiling plots Manure 10,000 
March, 1955 Broadcast, all plots 0-10-20 300 
June, 1955 Broadeast, all plots 33-0-0 200 
October, 1955 Band seeding, all plots 0-20-0 300 


February, 1956 sroadeast, soiling plots Manure 10,000 
March, 1956 Broadeast, all plots 0-0—50 240 
May-August, 1956 Broadeast, all plots ; 

in three applications 33-0-0 390 
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previously, so that animals usually remained on their assigned system through- 
out the season. Cows were assigned to treatments at random, from outcome 
groups of similar production level, live weight, breeding date, ete. 

Supplemental feeding was generally at a rather low rate, with some year-to- 
vear differences. In 1954, one Holstein and one Jersey cow under each manage- 
ment treatment received no grain supplement; whereas, the other Holstein and 
Jersey in each group received 1 lb. of grain per day for each 2 lb. of FCM pro- 
duced above 24 lb. per day. During 1955 and 1956, all cows received 2 Ib. of 
grain per day, regardless of milk production. The grain mixture used coatained 
16% crude protein. Hay was fed only during the first week or two of the pasture 
seasons. 

TDN required by experimental animals was determined by the method recom- 
mended by the Joint Pasture Committee (1). The milk produced was weighed at 
each milking. A composite of aliquot samples of milk from four consecutive 
milkings was tested every ten days for butterfat content by the Babcock method. 
All feeds fed and refused (excepting grazed forage) were weighed. Dry matter 
content of the forage fed and refused for the soiling treatment was determined 
daily, whereas that for supplemental feeds was usually determined each ten days. 
The TDN content of the supplemental feeds was based on Morrison’s estimates of 
the digestibility of similar feeds (15). 

All grazing cows were on pasture continuously with the exception of two, 
2-hr. periods each day, when they were brought to the barn for water, supple- 
ments, if any, and milking. Cows assigned to the soiling treatment were housed 
in a stanchion barn and individually fed green forage to the limits of appetite 
twice daily. The green forage was harvested daily with a flail type harvester 
and a trailer especially equipped to reduce field losses of harvested material. 

When experimental plots failed to produce sufficient forage to support the 
cows assigned to them, the cows were continued on the same feeding system by 
utilizing similar nonexperimental forages. Occasionally, however, no suitable 
forage was available and the feeding systems were suspended for short periods. 
The continuity of the feeding systems is shown in Table 2. 


TABLE 2 


Dates of experimental and nonexperimental management of cows 


Dates first Dates last Periods of 
grazing or grazing or nonexperimental 
Management harvest harvest management 


Strip grazing April 1 
Rotational grazing April ] 
Soiling April 2 


5 September 30 Aug. 5-19" 
5 September 30 Aug. 5-19" 
September 28 Aug. 5-19" 
Strip grazing April 18 October 3 Aug. 16-31” 
Rotational grazing April 18 October 3 Aug. 16-31” 
Soiling April 18 October 3 Aug. 16-31" 


) 
3 


1956 Strip grazing April 25 September 18 June 21—July 
Rotational grazing April 25 September 16 June 21—July 
Soiling April 30 September 14 None 


2 
o 
QC 
o 


‘ All cows barn-fed during this period. 
» All cows fed hay and permanent pasture during this period. 
“ All grazing cows fed from permanent pasture as a single group during this period. 
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OBSERVATIONS AND RESULTS 

The productivity of all plots was seriously reduced by the abnormal rainfall 
pattern throughout the 3-yr. period. Very dry periods occurred in each of the 
pasture seasons. The only year in which the total rainfall was equal to the 
26-yr. average was 1955. Even in 1955, however, two very dry periods occurred, 
with 14.5 in. of the yearly total occurring during an 11-day period in August. 
The mid-summer drought of 1954 was believed to be largely responsible for the 
marked reduction in Ladino clover population in all plots. This loss of clover 
necessitated the addition of nitrogen fertilizer in June, 1955 (Table 1). Band 
seeding in the sod in October, 1955, failed to re-establish the clover. The initial 
legume content of about 35% in the spring of 1954 was reduced to about 3% 
under all treatments by the spring of 1955, and remained at a low level for the 
remainder of the experiment. Conversely, the grass content increased from about 
63 to about 95% and remained at a high level. Weed content increased slightly 
during this period, but was never a very large part of the spring herbage. The 
changes observed in botanical composition did not appear to be associated with 
utilization systems but with the generally dry seasons. 

Estimates of the dry matter available from experimental plots have been 
summarized in Table 3. The amounts of dry matter available to the two grazing 
groups were remarkably similar throughout the experiment. Significantly greater 
amounts of dry matter were available to the soiling system. This greater amount 
of available dry matter may be explained as follows: All forage samples were 
eut at a uniform height (2 in.), which was characteristic of the mower. Utiliza- 
tion of the crop to a height of less than 2 in. (which could oceur under some 
grazing conditions) would increase utilization of the present growth and reduce 
the amount available (taller than 2 in.) that would oceur as regrowth for the 
subsequent grazing. On the other hand, leaving a stubble taller than 2 in. (which 
could oecur when mechanically harvested) would reduce utilization of the present 
growth, and some growth could appear as available at more than one sampling 
date. Thus, these values represent the sum of amounts available as estimated at 
a uniform height at intervals through the season, but do not necessarily represent 
the total amounts produced above this height. 

A summary of the utilization of forage also is presented in Table 3. The 


two grazing systems furnished essentially the same number of cow-days of grazing 
per acre. The seasonal carrying capacity of the soiling areas was consistently 
lower than either of the grazed areas. This was particularly true during periods 
when relatively small amounts of forage were available. 


The amount of TDN utilized per acre by animals on the soiling system was 
significantly less than that utilized by either grazing treatment (Table 3). 
This relationship is in accord with that observed on carrying capacity. TDN 
harvested as excess forage was not significantly different among the treatments. 
The greater amounts of available forage in 1955 were reflected in greater amounts 
of excess forage, whereas amounts grazed remained relatively constant each year. 

The amount of TDN obtained from soiling or grazing, and the amount har- 
vested as excess, have been totaled to obtain an over-all expression of the per-acre 
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productivity of each system. The lower productivity of the soiling treatment 
thus expressed is highly significant. 

The differences between systems in caleulated TDN obtained per animal 
per day were not significantly different, thus indicating that animals were 
on a fairly equal plane of nutrition. The general interpretation of the data 
in Table 3 made by the authors has been that cows on all systems were fed equally 
well while they were on the respective areas, but that soiling cows utilized less 
of the available forage. Hence, the carrying capacity was least. 

Performance and requirements of cows while on experimental plots have been 
summarized in Table 4. These data substantiate the fact that the differences in 
yields per acre (cow-days or TDN) obtained from the utilization methods 
(Table 3) were not a function of differences in productivity of cow groups, since 
the daily requirements of cows were quite similar. 

The effect of the forage utilization systems upon the cows was observed almost 
continuously throughout the season, in spite of the rather intermittent utilization 
of the tester plots (especially the soiling plots). This was accomplished by using 
nonexperimental areas as a forage source. Single periods of equal length repre- 
senting the major portion of the season were selected for each treatment as meas- 
ures of long-term effects of the systems on animal production. These data are 
presented in Table 5. 

Some differences in average initial FCM production resulted from the random 
assignment of relatively few cows to a relative large number of treatments. This 
was especially true in 1954, when the number of treatments was doubled by using 
two grain-feeding levels. 

The average observed milk production values per cow per season for utiliza- 
tion systems and years are presented in Table 5. The same values adjusted by 
covariance for differences in initial production are also presented. 

Average values of FCM per cow per day were used in the analysis of co- 
variance because of differing lengths of seasons. A summary of this analysis 
is presented in Table 7. No statistical significance could be attached to differences 
between methods of pasture utilization or years or to the year by utilization 
method interaction. Highly significant differences between years existed before 
adjustment for initial production level. Differences between utilization systems 
were not affected by the vear-to-vear differences in initial production levels. 

Average live weight changes over the entire season also are presented in 
Table 5. A statistical analysis of the average live weight change per day for 
individual cows failed to show any significant differences due to treatment. 
Thus, the treatment differences in both milk production and live weight changes 
could not be safely considered as more than random variability. 

Average seasonal milk production values for 1954 under two supplementation 
regimes are presented in Table 6. Although the average production of cows 
receiving grain was higher under all systems than that of the nonsupplemented 
cows, statistical analysis of the data shows these differences to be nonsignificant, 
and no statistically significant interaction of utilization systems and supplemen- 


tation existed (Table 7). Cow variability and small numbers (two cows repre- 
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TABLE 5 
Effect of forage utilization system on animal production (entire season) 


Average FCM production 
y Average live weight 





Initial Adjusted Adjusted — — 
daily Season season per cow Seasonal 
Period level total total per day“ Initial change 
— —— —--— (|b, ) —-—-—_-——- 
1954 (160-day)* 
4/15-9/21 Rotational 61.1 6,292 5,314 33.2 1,117 +54 
4/15-9/21 Strip 52.6 5,518 5,067 31.7 1,148 —69 
4/23-9/29 Soiling 47.1 4,913 4,800 30.0 1,117 +14 
1955 (168-day ) 
4/18-10/3 Rotational” 39.9 3,576 3,933 23.4 1,013 +31 
Strip 48.4 3,190 2,990 17.8 1,002 +52 
Soiling 42.9 3,730 3,888 23.1 933 — 5 
1956 (139-day ) ‘ 
4/30-9/15 Rotational 39.0 3,738 4,078 29.3 S44 +86 
Strip 38.6 3,397 3,761 27.1 915 +117 
Soiling 38.2 3,341 3,727 26.8 945 +52 
Average 
Rotational 46.7 4,535 4,442 28.6 991 +57 
Strip 46.5 4,035 3,939 25.5 1,022 +33 
Soiling 42.7 3,995 4,138 26.6 998 +20 


* Ineludes production for August 5-19, when all cows were on barn feed. 

» Ineludes production for August 16-31, when all animals were on pasture and hay. 

* Treatments continuous except June 21—July 3, when all grazing animals were on non- 
experimental pasture as a single group. 

“ Adjusted for differences in initial level, analysis of covariance (Table 7). 


sented in each average) resulted in low precision for detecting even rather large 
differences. Since any true differences or interactions appeared too small to be 
detected by the precision of the experiment, this variable was omitted in the 
two subsequent seasons. 


DISCUSSION 


A major advantage that might be expected from soiling is the elimination 
of grazing wastes. However, whether this is accomplished with a resulting 


TABLE 6 
Effect of forage utilization system and grain supplementation on production, 
1954, pasture seasons 


Daily FCM production 





Initial Observed Adjusted 
Treatment level average average* 
—_ (lb. ) —— — ——__—_- 
With grain supplement 
Rotational grazing 64.2 45.9 38.5 
Strip grazing 55.8 37.3 33.2 
Soiling 48.2 33.2 32.1 
Average 56.0 38.8 34.6 
No grain supplement 
Rotational grazing 58.0 32.8 27.9 
Strip grazing 49.4 31.7 30.1 
Soiling 46.0 28.2 27.9 
Average 51.1 30.9 28.6 





“ Adjusted for differences in initial level, 3-yr. combined analysis of covariance (Table 7). 
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TABLE 7 


Analysis of variance of daily FCM with adjustments for initial level of 
production by covariance (mean squares only) 








Source of variation d.f. Mean square F. 

Years (Y) 2 92.06 2.36 N.S.* 
Treatments (T) 2 4.28 0.11 NS. 
YT 4 31.64 0.81 NS. 
Grain levels (G) (1954) 1 104.96 2.69. NS. 
G T (1954) 2 16.82 0.438 NS. 
Cows (C: YTG) Cows C: YTG) 23 39.06 








*N.S.—Indicates not statistically significant. 
net gain in utilization efficiency depends upon the relative magnitude of the 
grazing and harvesting wastes. Therefore, if grazing wastes are sufficiently 
reduced and harvesting wastes remain constant, it becomes impossible to improve 
utilization efficiency by harvesting. 

The higher per-acre production resulting from grazing, as compared to 
soiling, is viewed as a result of a less wasteful method of utilization, since no 
more forage was available to the grazing groups and performance per animal 
per day was essentially the same for all treatments. The magnitude of grazing 
wastes is closely associated with the type of crop under consideration. Rela- 
tively tall-growing and/or mature crops are much more subject to the wastes 
of trampling and selective grazing than are shorter and/or less mature crops. 
However, the wastes of soiling the taller crops will be relatively small, since 
stubble represents a smaller portion of the total crop and selectivity is greatly 
reduced. 

The results and the observations made demonstrated that pasture forage, 
typical of this area, may be efficiently utilized by well-managed grazing. Wastes 
from grazing this type of pasture, however, may be considerable, particularly in 
the flush period of growth if understocking is allowed, or if grazing is delayed 
until a hay stage of maturity has been reached. It is considered important that 
in this experiment these difficulties were overcome by varying the area grazed per 
cow with portable fences and by mechanical harvesting of the forage, which was 
in excess of grazing requirements and approaching a mature stage. 

The similar utilization efficiency of grazing systems is explained on the basis 
of similar amounts of wasted forage, since amounts initially available were essen- 
tially the same. The mere existence of a rotational grazing or strip grazing system 
has little bearing on the extent of grazing wastes, since overstocking or under- 
stocking is not necessarily eliminated by either. It is true that wastes fron: under- 
stocking are less likely to occur in strip grazing, since estimates of the area re- 
quired can be made more easily on a daily basis than on an eight- to ten-day basis, 
but the possibility of equal accuracy in estimates is not necessarily precluded. 

It is also recognized that strip grazing is likely to reduce the large wastes 
that result from rotational grazing of crops taller and/or more mature than those 
used in this experiment. The data indicate, however, that under certain con- 
ditions equal efficiency was attained under both systems, with no significant 
differences in animal response. 
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SOME FACTORS AFFECTING WEIGHT GAINS OF DAIRY 
HEIFERS FED ALL-ROUGHAGE RATIONS! 


M. E. McCULLOUGH anp W. E. NEVILLE, JR. 
Georgia Agricultural Experiment Station, Experiment 


SUMMARY 


Factors affecting weight gains by dairy heifers were studied with 28 heifers on 
pasture and ten individually fed heifers on either an all hay or grass silage ration. The 
heifers averaged about 450 lb. in weight. The only factor significantly correlated with 
gains on pasture was forage dry matter digestibility (r=.797). On pasture, the multiple 
correlation between average daily gains and dry matter digestibility, dry matter intake, 
and body weight was .831. Over a 56-day feeding period, the correlations between dry 
matter intake and average daily gains were .711 for silage and .399 for hay. Correlations 
between body weight and dry matter intake were .932 for silage and .857 for hay. 
Multiple correlations between average daily gains, body weight, and dry matter intake 
were .858 for silage and .463 for hay. Respective average daily gains for pasture, silage, 
and hay were 1.79, .92, and 1.34 lb. The error of estimate of weight gains in all groups 
prevents accurate estimate of response from the factors measured and emphasizes the 
large number of animals required to show significant differences between rations. On 
an individually fed hay ration, 82, 14, and four animals per treatment were required 
to show significant differences in average daily gains of .10, .25, and .50 lb. between 
group means. On silage, 174, 28, and seven animals were required to show the above 
differences. When the effects of body weight and dry matter intake of silage were 
removed, the number of animals needed was reduced to 72, 12, and three. The data 
would appear to indicate that intake was a major factor only on the grass silage. 





Live weight gain is the most frequently used measure of the nutritional value 
of forages for dairy heifers. The adequacy of a feed for growing heifers is 
measured by the observed body weight gain in relation to a desired rate of 
gain represented by feeding standards or personal preferences. The general 
problems of feeding trials with dairy heifers were reviewed by Bailey et al. (1) 
and need not be repeated here. Since it is impossible to feed all forages and 
all combinations of forage in feeding trials, future work should emphasize 
principles of forage utilization and experimental efficiency. 


EXPERIMENTAL PROCEDURE 


The animals used in all trials were Holstein and Guernsey heifers from the 
station herd. The hay was a good-quality, second-cutting alfalfa, the silage was 
made from winter oats cut at the pre-bloom stage and ensiled without preserva- 
tive, and the pasture was a winter temporary pasture consisting largely of oats 
and rye-grass. The hay was chopped fine and fed twice daily in quantities large 
enough to insure weighbacks. The silage was fed fresh and was also fed twice 
daily with weighbacks. All animals were individually fed and ten animals were 


_ 


used per treatment. The 27 pasture observations were taken from an experiment 


designed to study season-long changes in pasture quality. The data used were 
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from animals which had been on the pasture for a minimum of 6 wk. Intake 
and digestibility data were determined by the chromogen—chromic oxide tech- 
nique. Chromic oxide was administered twice daily in capsules, grab samples 
were collected twice daily and composited for each animal over a five-day collec- 
tion period. The animals were fed each ration for seven days before the start of 
the experimental period to allow for adjustment in fill. All animals were weighed 
in the early afternoon ; the animals on hay and silage were weighed at seven-day 
intervals and the pasture group at 14-day intervals. 

Chromogen was determined by the technique of Reid et al. (5), chromic oxide 
by the technique of Schureh (6), and the statistical techniques were those of 
Snedecor (7). 

RESULTS AND DISCUSSION 

Factors affecting animal gains. The mean intake and performance data for 
the three roughages are shown in Table 1 and the relationship between the 
variables in Figure 1. 








TABLE 1 
Average body weight, dry matter intake, and gain of heifers consuming the various forages 
Correlation 
Type of Range in Mean Mean dry with body Mean 
forage body weight body weight matter intake size daily gain 
(lb.) (r) (1b.) 
Pasture 322-662 486 20.22 .399” 1.79 
Silage 266-622 442 7.40 .932* 0.96 
Hay 305-685 469 12.08 .897" 1.34 


* Significant at 1% level of probability. 
» Significant at 5% level of probability. 


Body weight. Body weight was highly correlated with dry matter intake for 
the animals on the rations of hay (r = .897) and silage (r = .932). An increase 
in body weight of 100 lb. resulted in an increased dry matter intake of 1.39 lb. 
of silage or 1.36 lb. of hay. The failure of increasing body weight to show a sig- 
nificant increase in intake for animals on pasture may reflect either the effects 
of selective grazing or a general tendency for the animals to consume more than 
adequate quantities of forage on high-quality pasture. This relationship is in 
accord with the findings of Garrigus and Rusk (3) and Crampton and Purdy (2), 
but not with those of Martin et al. (4), who found an average increase in dry 
matter intake of 3.5 lb. for each 100-lb. increase in body weight. In no case was 
body weight significantly correlated with average daily gain, although with silage 
there was an indication that the larger animals enjoyed an advantage, since body 
weight accounted for 27% of the differences in average daily gain. 

Dry matter intake. Dry matter intake was highly correlated with average 
daily gains only in the case of the silage, where it accounted for 58% of the 
variation in gains. It was apparent that the forages presented three different 
intake conditions. Tests for significance indicated a significant difference be- 
tween forages for dry matter intake, even after adjustment for differences in 
average weight of animals. Silage constituted a ration on which it was difficult 
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PASTURE D.M. Dig. 
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Fic. 1. Factors affecting average daily gain on three types of roughage. (Path coefficients 


in parentheses. 
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for the animals co meet their nutritive requirements, thus giving an advantage to 
both the larger animals and those with a greater appetite or capacity for the 
feed. The high-quality pasture apparently represented a forage condition con- 
ducive to large intake by even the smaller animals and adequate intakes by those 
with the smaller appetite or capacity. The hay ration was apparently intermedi- 
ate between the two. 

Differences in average daily gain due to changing forage quality were measured 
only in the case of the pasture. Dry matter digestibility was highly correlated 
with average daily gain (r= .796) and accounted for 60% of the variation in 
gains. The data indicated that forage quality is the major factor in determining 
the adequacy of all-forage rations for dairy heifers. On high-quality forage even 
small animals are able to meet their nutrient requirements, but on low-quality 
forages only the larger and older animals have the capacity or appetite necessary 
to meet their needs. It should be pointed out that further work may result in 
the finding of factors other than quality as measured by stage of maturity and 
digestibility which affect the intake of silage. If so, then silage quality must 
include the effects of ensiling as well as conventional quality measurements. 

Duration of trial and animals required for forage evaluation. The data per- 
mitted calculations on the effect of length of feeding trials on the reduction in 
the standard error of average daily gain and an estimation of the number of 
animals required for evaluating forages of varying magnitudes in quality. These 
data are shown in Tables 2 and 3. Since all animals were fed the experimental 
ration for seven days before the start of each experiment, the seven-day weight 
given in Table 2 was actually made 14 days after the animal was started on the 


TABLE 2 
Effect of length of trial on standard error of average daily gain 
fe ’ Days on experiment 
r'ype of 
forage j 14 21 28 35 42 


Pasture , 23 24 af 
Silage 40 30 25 . 16 14 
Silage (Omitting first 21 days) 41 2° 

Hay 50 41 23 24 

Hay (Omitting first 21 days) 39 li Ao 


TABLE 3 


Estimated number of animals required to evaluate rations 


Number of animals required 


Difference Hay Silage 
in treatment rs = 
means Effects not removed* Effects removed 


(lb.) 
0.10 
0.25 
0.50 
“<< Effeets’’ refers to body weight and dry matter intake. There was no advantage in this 
correction on the hay group. 
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feed. Data in Table 2 indicate that a satisfactory standard error required a 
56-day experimental period, although the reduction in standard error was slight 
after 42 days. A comparison of the data for silage and hay, caleulated by using 
the 21-day weight as the starting point (actually 28 days after the animal was 
started on feed), indicates that the standard errors are composed of at least 
two factors. The standard error is reduced by the animal becoming accustomed 
to the ration and also by a sufficient length of time to overcome the magnification 
of errors due to small differences in body weight between weigh periods. The 
latter factor probably operates largely through weighing errors due to small 
changes in fill which are important only when small differences in body weights 
are being considered. A further contributing factor may be differences between 
animals in the acceptance of the rations. This may explain, in part, the seemingly 
greater accuracy of early weighings of the animals on pasture, since their average 


daily gain was greater and the weigh periods were at 14- rather than seven-day 


intervals. 

Estimates of the number of animals required to determine significant differ- 
ences in treatment means of 0.10, 0.25, and 0.50 lb. average daily gain are shown 
in Table 3. The large numbers of animals required for 0.10 lb. reflect the large 
standard error in average daily gains and the many factors (largely unknown) 
which govern the growth of animals. The large reduction in animal numbers 
resulting from removing the effects of body weight and individual intakes on 
weight gain in the case of silage indicates the importance of knowing and re- 
moving factors affecting weight gain, other than those due to ration, whenever 
possible. The data also indicate that small differences in forage quality can not 
be measured with the animal numbers usually available for experimental pur- 
poses. Similar data for pasture experiments were not calculated, since pastures 
vary in quantity as well as quality of forage, although animal numbers similar 
to those given for hay should be expected when great care is exercised to keep 
only forage quality as a variable. 
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NUTRIENT LOSSES, QUALITY, AND FEEDING VALUES OF 
WILTED AND DIRECT-CUT ORCHARDGRASS STORED 
IN BUNKER AND TOWER SILOS 


C. H. GORDON, E. A. KANE, J. C. DERBYSHIRE, W. C. JACOBSON, anv C. G. MELIN 
Dairy Cattle Research Branch, Animal Husbandry Research Division, 


AND 
J. R. McCALMONT 


Agricultural Engineering Research Division, 
USDA, Beltsville, Maryland 


SUMMARY 

First-cutting orchardgrass was preserved as: 1. Wilted silage stored in a tower silo. 
2. Direct-cut, sodium metabisulfite-treated silage, stored in a tower silo. 3. Direct-cut 
sodium metabisulfite-treated silage, stored in a bunker silo. These silages were prepared 
in each of two successive years and all silages were sealed with weighted plastic covers. 
The silages were compared on the basis of storage losses, storage temperatures, chemical 
quality, feeding trials, and digestion trials. An expression of silage feeding value which 
combines dry matter intake rate and TDN content has been proposed. 

Tower storage of wilted forage and bunker storage of the direct-cut forage were about 
equally efficient in preserving feed nutrients. Tower storage of direct-cut forage was 
consistently less efficient, primarily because of higher seepage losses. All silages were 
of good chemical quality and of about equally high feeding value. The wilted silage, 
however, contained more butyric acid in both years and was consumed by dairy cattle 
in significantly greater amounts one year. 

The bunker silo, as used in this experiment, was a more suitable storage structure for 
direct-ceut orchardgrass than a tower silo. However, when forages were stored in tower 
silos, the wilting method was generally more satisfactory than direct-eutting combined 
with sodium metabisulfite treatment. 


Difficulties in obtaining well-preserved and palatable silages from direct-cut, 
high-moisture hay crops have been repeatedly although not consistently observed. 
Mitigation of these problems by wilting the crop, as demonstrated by Woodward 
and Shepherd (11), has been reported by the Vermont and Ohio workers (8, 9), 
as well as by numerous other investigators. Wilting is now one of the generally 
accepted ensiling procedures. Improved preservation and/or increased pala- 
tabilitv by the use of sodium metabisulfite applied to the unwilted silage has also 
proven beneficial under some conditions (1, 2, 5). Although both of these pro- 
cedures have produced some beneficial effects, few direct comparisons between 
the two methods have been reported. A direct comparison of this type, reported 
by Cowan ef al. (2), indicated a marked advantage of bisulfite treatment over 
wilting for the dry matter preservation of pre-bloom and full-bloom alfalfa, but 
no advantage for 1/10-bloom alfalfa. However, these results may not provide a 
practical comparison of methods, since the silages were made in 4- by 8-ft. 


silos, and dry matter losses- of up te 35% were observed in the wilted silage. 


Other investigations (10, 11), using farm-sized silos, have reported losses of about 
one-third this amount from wilted silage. 
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The relative value of bunker silos and tower silos can not be accurately 
assessed from previously published reports. Cowan et al. (3) and Gordon et al. 
(4) have reported quantitative evaluations of trench and bunker silos, respec- 
tively, but no direct comparisons with tower silos were included in these experi- 
ments. A eritical comparison of these two silo types demands concurrent use with 
the same crop. This experiment was, therefore, designed to allow the following 
direct comparisons: 1. Wilting vs. sodium metabisulfite treatment of an un- 
wilted crop, both stored in tower silos. 2. Tower vs. bunker storage, when both 
silages were unwilted, treated with sodium metabisulfite, and sealed by the best 


practical methods available. 


EXPERIMENTAL PROCEDURES 

The crops used in this investigation were harvested in 1956 (Experiment 1 
and 1957 (Experiment 2), and fed during the winters following each harvest. 

Experiment 1. Forages from a first-cutting crop of orchardgrass were har- 
vested and stored concurrently by three different methods. All forages were 
chopped with a forage harvester set for a %-in. cut. The procedures in harvesting 
and storing the forage were as follows: 1. Field-wilted to an average moisture 
content of about 70%, stored with no additive in a 10- by 25-ft. concrete tower 
silo. 2. Not wilted, stored in a 10- by 25-ft. conerete tower silo with 8 lb. of sodium 
metabisulfite (SMB) per ton of forage added at the blower. The tower silos were 
alternately leveled and tramped during the filling period. 3. Not wilted and 
stored in a 15- by 66- by 8-ft. drive-through bunker silo. Sodium metabisulfite 
(SMB) at the rate of 8 lb. per ton of forage was manually applied to each load 
of forage after it had been spread in the bunker. Bunker-stored forage was 
packed with a wheel-type tractor during the filling period. 

Filling was started on May 2, when most of the grass heads were visible but 
not fully emerged from the boot. Rain interrupted the filling operation after two 
loads of direct-cut forage had been stored in the tower silo. A temporary plastic 
seal prevented spoilage in this silo until filling was resumed. Filling of all strue- 
tures was completed during the May 7-11 period. 

Bunker-stored silage was sealed May 11 with a neoprene-nylon blanket 
weighted with a 2-3 in. layer of sawdust. Tower-stored silages were sealed with 
sheets of polyethylene weighted with nonexperimental forage. Guttering and 
flow meters were utilized to measure the seepage from each silo. 

Zach load of stored forage was weighed and sampled for chemical analyses. 
Silage temperatures during storage in tower silos were measured by thermo- 
couples located at 0.5, 6.5, 12.5, 18.5, and 24.5 ft. above the silo floor. Silage re- 
moved for feeding was weighed and sampled daily. Five-day composite samples 
were analyzed for dry matter (toluene distillation ) pH, sugar, carotene, crude pro- 
tein, ammoniacal nitrogen, and organic acids. Dried 20-day composites were 
analyzed for the remaining constituents. 

The silos were opened and feeding commenced after a storage period of about 
6 mo. Feeding values of the silages were estimated with 12 milking cows in a 


120-day 3 x 3 Latin-square feeding trial. Each period consisted of a ten-day 


change-over and 30-day experimental period. 
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The rations consisted of the experimental silage, fed to the extent of appetite, 
and grain fed according to the equalized feeding system deseribed by Lueas (6). 
The grain ration, composed of cornmeal 44%, ground oats 22%, wheat bran 22%, 
soybean oil meal 11%, and salt 19, was fed at a grain: FCM ratio of about 1: 4. 

Data were obtained on a daily individual cow basis for the weights of feeds 
fed and refused and milk produced. Butterfat content of the milk was determined 
for each cow from two-day composite samples taken once during each ten-day 
period. The dry matter content of refused feed was determined at five-day 
intervals and that of the grain each 20 days. Sampling and analysis of the silages 
fed have been deseribed. 

Dry matter digestibility and TDN content of the silages were determined by 
the total collection method after the completion of the feeding trial. The same 
animals and ration assignments (excepting the omission of grain) that were used 
during the last feeding trial period were extended for the digestion trials. Thus, 
a randomized block of four replications of three cows each was the design used for 
digestibility trials. 

Experiment 2. The procedures and methods used were generally the same 
as those used in Experiment 1, with the following exceptions: Filling was aceom- 
plished without interruption during the period May 6-10. The tower silos had 
been enlarged to a height of 35 ft. Thermocouples were located at 3-ft. intervals 
up to 27 ft. above the silo floor. Thermocouples were also located in the middle 
of the bunker silo at 1.5, 3.0, 4.0, and 5.5 ft. above the floor, and at 8 ft. from 
the end of the bunker at 3.0 and 4.0 ft. from the floor. Four thermocouples were 
distributed transversely at each of the above bunker locations, making a total of 
24 points in the bunker. The digestion trials were conducted concurrent with the 
feeding trial. Three additional cows on all silage rations were utilized for this 


purpose in a 3 X 3 Latin-square design. 
RESULTS 


The chemical characteristics of stored forages (Table 1) within each experi- 
ment were very similar, with the exception of a higher dry matter content in the 


TABLE 1 


Average chemical composition of forages as stored 


1956 Crop treatments 1957 Crop treatments 

Wilted Direct-cut Direct-cut Wilted Direet-cut Direct-cut 
Constituents* in tower in tower in bunker in tower in tower in bunker 
Dry matter 30.0 22.2 21.8 30.8 23.8 25.2 
Crude protein 12.8 13.6 13.5 13.0 13.4 13.2 
Ether extract 3.1 3.4 3.2 2.9 3.8 3.3 
Crude fiber 25.9 24.9 24.9 27.8 26.5 26.6 
N.F.E. 49.4 47.4 47.9 48.3 46.8 47.5 
Ash 8.8 10.6 10.6 8.0 10.0 9.4 
Red. sugars 8.6 8.6 S.4 10.5 10.3 10.1 
Carotene 163.7 199.3 194.2 205.9 226.4 214.6 


“All constituents except dry matter and carotene expressed as per cent of dry matter. 
Carotene expressed as ug/g of dry matter. 








1706 C. H. GORDON ET AL 


wilted forage and a higher ash content in the SMB-treated forages. Wilting 
apparently reduced the carotene content, particularly in Experiment 1. The 
most noticeable difference between years in the composition of forages was the 
higher dry matter content of the 1957 unwilted crops. 

Average chemical composition of the silages removed for feeding is pre- 
sented in Table 2. The higher dry matter content resulting from wilting per- 


TABLE 2 
Average chemical composition of silages as fed 














1956 Crop treatments 1957 Crop treatments 

Wilted Direet-eut Direct-cut Wilted Direct-cut Direet-eut 

Constituents* in tower in tower in bunker in tower in tower in bunker 
Dry matter 29.0 25.4 22.4 31.4 27.4 25.0 
Crude protein 14.4 13.5 14,2 13.0 12.5 13.0 
Ether extract 3.3 3.5 3.6 3.9 3.5 3.7 
Crude fiber 29.5 29.8 28.8 30.4 29.3 28.6 
N.F.E. 42.7 43.1 42.5 44.7 45.8 45.5 
Ash 10.2 10.1 10.9 7.9 9.0 9.2 
Sugar 0.8 2.6 3.0 3.4 4.4 4.7 
Carotene 215.6 275.5 236.1 179.4 241.4 215.1 
pH 4.2 4.2 4.4 4.2 4.2 4.2 

Ammoniacal 

nitrogen 12.5 10.1 9.7 11.4 8.9 7.5 
Butyrie Acid 2.1 0.4 0.5 1.2 0.3 0.4 
Acetic Acid 1.9 1.2 1.5 1.4 1.3 1.4 
Propionie Acid 0.2 0.1 0.1 0.2 0.1 01 
D2 2 3.8 5.8 5.2 5.0 


Lactie Acid 5.2 





“ Ammoniacal nitrogen expressed as per cent of total nitrogen. Carotene as ug/g of dry 
matter; all other constituents except dry matter and pH expressed as per cent of dry matter. 


sisted through the storage period, although the difference was reduced by an 
increase in per cent dry matter in the tower-stored unwilted silages. This increase 
is an expected result of the loss of moisture through seepage. 

Higher total reducing sugar and carotene contents characterized the SMB 
silages in both years. This rather commonly observed effect is of questionable 
nutritional significance, although the higher sugar content may be indicative 
of a less intense fermentation. Protein degradation, as indicated by ammoniacal 
nitrogen values, was quite well controlled in all silages, although it tended to 
be higher in the wilted silages. 

Organic acid concentrations and pH values indicated that all of the tower- 
stored silages were of excellent quality. However, somewhat greater amounts of 
organic acid were observed in the wilted than in the SMB-treated silage in both 
experiments. The wilted silage had a pleasant odor in spite of its higher butyric 
acid content. Chemical quality of the bunker-stored silage was generally equal 
to that obtained by tower storage, in both years. 

Forage dry matter was most efficiently preserved by wilting and storage in 
a tower silo, and least efficiently preserved by direct cutting combined with SMB 
treatment and tower storage (Table 3). Bunker-storage efficiency exceeded that 
of tower storage for direct-cut forage and was nearly equal to that obtained by 


wilting and tower storage. A generally higher rate of dry matter recovery for all 
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TABLE 3 
Percentage of stored nutrients preserved for feeding 








1956 Crop treatments 1957 Crop treatments 


Wilted Direect-cut Direct-cut 








Wilted Direet-cut Direct-cut 
Nutrients in tower in tower in bunker in tower in tower in bunker 
Dry matter 86.3 77.9 85.2 92.1 87.0 90.3 
Crude protein 96.7 77.4 89.9 92.2 81.1 89.3 
Ether extract 91.7 80.6 96.3 125.4 92.1 101.2 
Crude fiber 98.2 93.0 98.7 100.7 96.0 97.2 
N.F.E. 74.6 70.8 75.6 85.2 85.0 86.5 
Ash 99.5 73.9 87.7 91.3 78.3 87.8 
Sugar 8.2 23.5 30.1 29.3 37.1 42.1 
Carotene 113.6 107.7 5 


103.6 80.2 92.7 90. 
treatments was observed in Experiment 2. Better preservation of NFE and 
reducing sugars in Experiment 2 contributed noticeably to this difference. 

The sources of dry matter loss by treatments are shown in Table 4. Top spoil- 
age was negligible in all of the treatments, that occurring in the bunker silos 
being confined almost entirely to a narrow surface band next to the side walls. 
Seepage losses for the direct-cut tower-stored silages were four to five times 
greater than in the wilted silages and two to three times greater than in the 
bunker-stored silages. Differences between treatments with respect to gaseous 
losses were neither great nor consistent from year to year. However, gaseous 
losses for all treatments were much lower in Experiment 2 than in Experiment 1. 
The gaseous losses from plant respiration and/or through microbial activity were 
apparently less in Experiment 2. The lower losses of NFE and reducing sugars 
tend to support this observation, but the reasons for lower activity of this type 
are not apparent. 

Average temperatures of Experiment 1, tower-stored silages, are presented 
in Table 5. The wilted silage reached a peak temperature of 80° F. four days 
after filling, after which the temperature declined until higher ambient tempera- 
tures were encountered in July. The temperature of direct-cut tower-stored silage 
increased to 79° F. during the ten days following filling, and remained rather con- 
stant until July. The relatively low temperatures of both silages indicated that 
air was very effectively excluded. The good-quality silage which resulted demon- 
strates that the development of higher temperatures is not necessarily a require- 
ment of good ensiling techniques. 

The temperatures of Experiment 2 silages also are shown in Table 5. Tempera- 
tures in the tower silos were higher than had been observed in the previous year. 


TABLE 4 
Distribution of dry matter losses (per cent of stored dry matter) 

















1956 Crop treatments 1957 Crop treatments 
Wilted Direct-cut Direet-cut Wilted Direct-cut Direct-cut 
Source of loss in tower in tower in bunker in tower in tower in bunker 
Spoilage 0 0 0.4 0 0 2.5 
Seepage 1.7 8.2 3.7 1.4 6.6 1.8 
Gaseous 12.0 13.9 10.7 6.5 6.4 5.4 
13.7 22.1 14.8 7.9 13.0 9.7 


Total 
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TABLE 5 
Average silage temperatures, ° F. 


Experiment 1" 


Silage treatment 


Experiment 2” 


Silage treatment 


Direct Direct- Direct- 
Wilted eut Wilted cut cut 
Days in tower tower Days in tower tower bunker- 
Date storage stored stored Date storage stored stored stored 
May 12 l 74 71 May 11] l 95 §2 96 
13 z 76 71 13 3 96 6 96 
15 rt 80 73 16 6 OT SY 95 
17 6 sO) 73 17 7 O7 SY 95 
19 8 78 77 20 10 97 87 93 
“I 10 77 79 23 } 96 86 9] 
Th 5 76 79 oT 17 95 S83 so 
1 20 74 80 31 2] go SS SS 
June 5 25 74 79 June 12 33 87 8] 83 
10 0 73 79 21 $2 85 81 82 
20 40 71 80 28 +0) SO 82 82 
30 50 71 81 July 9 60 83 S? SO 
July 10 60 73 83 12 63 82 82 S4 
20 70 75 85 19 70 8] 82 79 


%, 614, and above silo floor. 


“Mean values for b 
; and 15 ft. above tower silo floors and mean values for 


” Mean values for 3, 9, 
bunker silo. 


all points in 


Average maximum air temperatures during the filling periods were 72 and 77° F. 
for the first and second experiments, respectively, which could account for some 
of the differences in silage temperatures. Wilted silage and direct-cut tower- 
stored silage attained peak temperatures of 97 and 89° F., respectively, after six 
days of storage. 

Temperatures at the several points in the bunker silo (Experiment 2) showed 
(81-107 
clined and became more uniform as the storage period progressed. Temperature 
related to the depth of the silage, and the values 


a range of 26° F. one day after filling. These values gradually de- 


values did not appear to be 
in areas separated by only 1 ft. vertical distance differed by as much as 19° F. 
This seemingly random distribution may have been a reflection of differences in 
exposure to air during the filling process. Temperatures at a given location were 
rather uniform with respect to horizontal distribution. The average values for 
all points in the bunker silo on selected dates are presented in Table 5. 

Results of the feeding and digestion trials are presented in Table 6. Compari- 
sons of treatment effects within each year by analysis of variance indicated no 
significant differences in live weight gains or FCM production. The rates of FCM 
decline (regression) in Experiment 1 are deserving of special comment. Cows 
fed direct-cut tower-stored silage declined more rapidly in production during 
after their initial 


the preliminary periods than the two oiher groups. However, 


drop (2.26 lb. per cow per ten days) production of these animals increased 
somewhat during the remainder of the period (+0.96 lb. per cow per ten days). 
These circumstances resulted in similar average FCM production values for all 


treatments, in spite of the significantly different regressions during the experi- 


mental period (days 11-40 
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Consumption of silage dry matter was significantly higher from wilted silage 
than from the two other silages in Experiment 1. However, dry matter intakes 
from the three silages in Experiment 2 were nearly identical. 

Feeding values as determined by total collection digestion trials are presented 
in Table 6. All of the TDN values are above Morrison’s (7) average value for 
orchardgrass silage, and there were no statistically significant differences among 
silages in either experiment. However, TDN values, calculated from estimated 
animal requirements, indicated that the silages varied widely in TDN content. 
This discrepancy between determined and calculated values indicates that ad lib. 
feeding will provide an expression of differences in silage dry matter intake, 
but is not well suited for TDN evaluations. When energy intakes are above 
requirements for milk production and body maintenance, the apparent energy 
value of a feed is profoundly affected by the relative efficiency of animals in 
converting feed energy to body energy and by the precision with which these 
changes can be measured. The efficiency of the animal also may be affected by 
level of feeding. Thus, silage energy evaluations by feeding trials with milking 
cows are at best rather crude and should be conducted on an equal dry matter 
intake basis over longer periods, in order to reduce these errors. 

An ideal expression of feeding value should indicate the rate at which a 
feed will be consumed, as well as its nutritive value per unit of weight. Such 
an expression (pounds of silage dry matter consumed times determined per cent 
TDN) may be calculated from these data. This expression of feeding potential 
is presented in Table 6 as pounds of TDN per day and in relative terms. The 
relative rates of dry matter consumption are applicable only to the silages 
within an experiment which were directly compared under the same feeding 
condition ; therefore, the feeding potential values are limited in the same way. 
The feeding potential of the Experiment 1 wilted silage was appreciably higher 
than the two other silages of that experiment. Other differences in feeding 
potential do not appear to be important. 
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EFFECT OF AUREOMYCIN, ERYTHROMYCIN, AND 
HYGROMYCIN ON THE GROWTH RATE AND 
WELL-BEING OF YOUNG DAIRY CALVES! 


Cc. A. LASSITER, L. D. BROWN, ano C. W. DUNCAN 
Departments of Dairy and of Agricultural Chemistry, Michigan State University, East Lansing 


SUMMARY 

Kighty-eight two-day-old calves were used in two 84-day experiments to evaluate the 
antibiotics aureomycin, erythromycin, and hygromycin as supplements to a milk replacer— 
starter type of ration. Hygromycin was fed at five levels ranging from 3.0 to 50 mg. 
of hygromycin per pound of replacer. A milk replacer—calf starter-hay system of feeding 
was used in both experiments. 

Supplementing the rations with either aureomycin or erythromycin improved the rate 
of gain of the calves, increased the feed consumption, and reduced the incidence of calf 
scours. Hygromyecin did not improve weight gains or skeletal growth of the calves, but 
did significantly reduce the incidence of ealf scours. All levels of hygromycin tended to 
reduce the consumption of calf starter, particularly when fed at high levels. 


The influence of several antibiotics, including aureomycin, on the growth and 
well-being of young dairy calves has been established and reviewed by Lassiter 
(1), but the value of feeding calves erythromycin and hygromycin has not been 
reported. 

The purpose of this study was to evaluate the antibiotics erythromycin and 
hygromycin in comparison to aureomycin as constituents of calf feeds. 

The results reported cover two separate experiments and will be designated 
as Trials I and II. 

EXPERIMENTAL PROCEDURE 


Trial I. Two-day-old Holstein calves were divided into five comparable 
groups and raised to 86 days of age on a milk replacer—starter—hay feeding 
program. The calves were permitted to remain with their dams for approximately 
48 hr. after birth. Each calf was then placed in an individual pen, weighed, and 
subjected to one of five experimental regimes. The composition of the basal milk 
replacer follows: dried skimmilk—52.4 Ib., cerelose—30 lb., corn distillers 





dried solubles—10 |b., dried whey—®)5 lb., dicaleium phosphate—2 Ib., trace 
mineral salt—0O.5 lb., and vitamin and mineral mix—0.1 Ib. (3). All calves were 
fed the basal calf starter beginning at 1 wk. of age, composed of ground vellow 
corn—)49 lb., crimped oats—470 Ib., linseed oil meal—100 lb., soybean oil meal— 
100 lb., corn distillers dried solubles—150 Ib., cane molasses—100 Ib., dicalcium 
phosphate—15 lb., trace mineral salt—15 lb., and vitamin A and D supplement— 
1 lb. The basal milk replacer contained approximately 22% crude protein and 
the calf starter 16% crude protein. 

Group 1 received the basal milk replacer and the basal calf starter, but no 
antibiotic supplement; Group 2 received the basal milk replacer supplemented 
with 50 mg. of aureomycin per pound and the basal calf starter supplemented 
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with 15 mg. of aureomycin per pound; Group 3 received the basal milk replacer 
supplemented with 50 mg. of erythromycin per pound and the basal calf starter 
supplemented with 15 mg. per pound of erythromycin; Group 4 received the 
basal milk replacer supplemented with 50 mg. of hygromycin per pound and the 
basal calf starter supplemented with 15 mg. of hygromycin per pound; and 
Group 5 received the basal milk replacer supplemented with 25 mg. of hygro- 
mycin per pound and the basal calf starter supplemented with 7.5 mg. of hygro- 
mycin per pound, All calves were fed a good quality alfalfa—brome grass hay, 
beginning at 1 wk. of age. All milk replacers were fed according to a pre- 


arranged schedule (Table 1) which was designed to have the calves completely 


TABLE 1 
Milk replacer feeding schedule 


Milk 


Age Milk replacer Water 
(days) —.—- —- — ~~ ——~—¢ thy day) ———_ —— _ —— —— 
0-2 Dam 
3-10 4.0 0.6 4.0 
11-14 2.0 1.0 7.0 

15 — 28 1.4 12.0 
29 —75 1.0 12.0 
36 — 42 0.6 12.0 
43 — 49 0.4 12.0 


50 — over None 





off the replacer feeding at 50 days of age. All starter and hay feeding was 
completely ad libitum, with the exception that starter consumption was limited 
to 5 lb. per calf daily. Complete records were kept on total feed intake, growth, 
scouring, and general health of the calves. The calves were weighed weekly and 
measurements of the height at withers and chest circumference were made at the 
beginning and end of the experimental period. 


RESULTS AND DISCUSSION 
Results of Trial 1. The effect of the three antibiotics on the daily gain of 
the calves is shown in Table 2, effect on skeletal growth and incidence of scours 
in Table 3, and on feed consumption and feed efficiency in Table 4. 


TABLE 2 
Effeet of aureomycin, erythromycin, and two levels of hygromycin on 
the average daily gain of Holstein calves (Experiment I) 





Ne Age in weeks 
Initial 


Group Weight 0-4 0-7 0-12 
(lb.) -- ——(th day j ———-———_— 

1—Basal 97.6 0.43 0.65 1.04 

2—Basal plus aureomycin 97.5 0.49 0.84 1.21 

é—Basal plus erythromycin 96.6 0.44 0.68 1.12 
4—-Basal plus hygromycin 

(50 mg/lb replacer) 97.8 0.28 0.61 0.96 
5—Basal plus hygromycin 

(25 mg/lb replacer) 97.9 0.35 0.71 1.01 

L.S.D.—1% I.s. Is. ILS. 0.12 

L.S.D.—5% iL.s. ILS. ILS. 0.09 


n.s. = Nonsignificant. 
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TABLE 3 


Effect of various antibiotics on skeletal growth and incidence of scours in calves 
from birth to 12 wk. of age (Experiment I) 


Average increase in 


Ht. of Chest 


Group withers circumference Secours 
(in.) (in.) (days/calf ) 
1—Basal 4.62 7.00 11.0 
2—Basal plus aureomycin 5.09 8.62 4.2 
3—Basal plus erythromycin 4.84 8.31 3.1 
i-—Basal plus hygromycin 
(50 mg/Ilb replacer) 3.34 6.34 3.1 
5—Basal plus hygromycin 
(25 mg/lb replacer) 4.59 6.84 4.2 
L.S.D.—1% 0.54 nS. 2.45 


L.S.D.—i% 0.41 0.24 





n.s. = Nonsignificant. 


The average initial weight of the five experimental groups was essentially 
the same; therefore, it should not have had any influence on the performances 
of the various rations (Table 2). The influence of the various antibiotics on the 
average daily gain of the calves at different ages is shown in Table 2. Aureo- 
mycin appeared to improve the growth rate of the calves more than did the two 
other antibiotics. The growth rate of the calves fed the rations containing 
aureomycin and erythromycin was significantly greater (2) than the growth 
rate of the calves fed the control ration or any of the rations containing hygro- 
mycin. Under the conditions of this experiment, and the level of supplementation 
employed, hygromycin did not appear to improve the growth rate of the calves. 
There was some indication that the growth rate of Group 5 calves was improved 
over that of the calves of Group 4, which might indicate that the level of supple- 
mentation with hygromycin was too high. This appears to be particularly 
evident as shown by the growth rate of the calves from 0 to 4 wk. of age. Both 
groups of hygromycin-fed calves exhibited a slower rate of growth during the 
first 4 wk. of life than any of the other antibiotic groups and the control calves. 


TABLE 4 


Effeet of various antibiotics on average total feed consumption and feed efficiency of 
calves from birth to 12 wk. of age (Experiment I) 


Average total consumption 


- —__————__—. Feed/lb 
Group Milk Replacer Starter Hay of gain 
—-— fb, J) - - --- — - 
1—-Basal 40.0 42.4 188.1 43.8 3.2 
2—-Basal plus aureomyein 40.0 42.4 220.4 45.0 3.1 
3—Basal plus erythromycin 40.0 42.4 201.7 34.8 3.0 
+—Basal plus hygromycin 
(50 mg/I\b replacer ) 40.0 42.4 158.5 42.4 3.1 
5—Basal plus hygromycin 
(25 mg/lb replacer) 40.0 42.4 162.7 53.8 3.1 
L.S.D.—1% ns. ns. nS. 


L.S8.D.—5% 19.3 ns. n.s. 





n.s. = Nonsignificant. 
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Skeletal growth data as shown in Table 3 show a trend similar to those of weight 
gains. 

Under the conditions of this study, all of the antibiotics tested appeared 
definitely to decrease the incidence of scours or diarrhea, and all of the antibiotics 
appeared to be equally effective in this respect. As shown in Table 4, calves 
fed the ration containing aureomycin had the greatest consumption of starter 
and total feed. It appears also that hygromycin at both levels had a depressing 
effect upon the consumption of calf starter, but did not appear to have any ap- 
preciable effect on the consumption of hay. There were no significant differences 
among the various rations in respect to feed utilization; however, all of the 
antibiotics tended to increase the efficiency of utilization, but the calves fed the 
ration containing erythromycin had the highest efficiency. 

Trial II. Forty-eight, two-day-old Holstein male and female calves were 
divided into six similar groups, based on sex and body weight. Group 1 received 
only a basal milk replacer and calf starter; Group 2 received the basal milk 
replacer supplemented with 50 mg. of aureomycin per pound and the basal calf 
starter supplemented with 15 mg. of aureomycin per pound; Groups 3, 4, 5, and 
6 received the basal milk replacer supplemented with 3.0, 6.0, 12.0, and 25 mg., 
respectively, of hygromycin per pound and the basal calf starter supplemented 
with 1.0, 2.0, 4.0, and 7.5 mg., respectively, of hygromycin per pound. The basal 
milk replacer was composed of dried skimmilk—34.0 lb., dried whey—37.0 Ib., 
cerelose—16.4 lb., corn distillers dried solubles—10.0 lb., trace mineral salt— 
0.5 lb., dicaleium phosphate—2.0 lb., and a vitamin and mineral mix—0.1 Ib. 
The same calf starter was fed in this trial as was fed in Trial I. The basal milk 
replacer contained 20.7% crude protein. The feeding and management of the 
calves were essentially the same as outlined in Trial I. 

Results of Trial II. As shown in Table 5, there were no significant differences 
among groups regardless of treatment, even though the differences in starting 
body weight were corrected by covariance analysis (2). Aureomycin-fed calves 
made slightly faster gains than the other groups up to 12 wk. of age and all 
groups of calves fed hygromycin made slightly slower gains than calves fed the 
basal ration. There appeared to be very little difference in the weight gains of 


TABLE 5 


Effect of aureomycin and four levels of hygromycin on the average daily gain of 
Holstein calves (Experiment IT)* 


Average Age in weeks 
initial - ~- 
Group weight 0-6 0-12 
————— ——— lb, )-——_- 
1—Basal 95.2 0.61 1.00 
2—Basal plus aureomycin 99.8 0.62 1.08 
Basal plus four levels of hygromycin 
3—(38 mg/lb replacer—1 mg/Ib starter) 100.4 0.48 0.89 
4—(6 mg/lb replacer—2 mg/lb starter) 93.0 0.48 0.89 
5—(12 mg/lb replacer—4 mg/Ib starter) 91.4 0.62 0.91 
6-—(25 mg/lb replacer—7.5 mg/lb starter) 92.9 0.49 0.89 


“No significant differences among groups. 
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calves fed the .our levels of hygromycin. In Trial I, both groups of calves fed 
hygromycin made weight gains slightly less than control calves. It would appear 
that the reduced rate of growth of calves fed hygromycin in Trial I was not 
due to an excessively high level of hygromycin. 

There were no significant differences among groups in respect to increase in 
height at withers or chest circumference. None of the groups of calves had a 
very high rate of scouring and there was little evidence to indicate that either 
antibiotie had any significant effect. The calves averaged only 1.0, 0.6, 0.9, 1.0, 0.2, 
and 0.1 days per calf for Groups 1 to 6, respectively. The small differences 
among groups were not statistically significant. 

The effect of the two antibiotics on feed consumption and feed required per 
pound of gain is presented in Table 6. The calves fed the ration containing 
aureomyein consumed slightly more starter than the control calves, or the calves 
fed any of the four levels of hygromycin, but the increase in starter consumption 
was not statistically significant. The calves fed the higher levels of hygromycin 
consumed less starter than any of the calves in the other groups, which confirms 


TABLE 6 


kiffeet of aureomyein and four levels of hygromycin on average total food consumption and 
efficiency of calves from birth to 12 wk. of age (Experiment IT) 





Average total consumption 
a ‘ ance hh Feed/lb 














Group Milk Starter Replacer Hay of gain 
——— (lb.) 
1—Basal 40 42.4 218.1 69.3 4.1 
2—Basal plus aureomycin 40 42.4 237. 73.9 4.0 
Basal plus four levels of hygromycin 
3—(3 mg/lb replacer—l mg/Ib starter) 40 42.4 215.2 79.0 4.7 
4— (6 mg/lb replacer—2 mg/Ib starter ) 40 42.4 219.5 63.2 4.4 
5—(12 mg/lb replacer—4 mg/Ib starter) 40 42.4 212.1 75.2 4.4 
6—(25 mg/Ib replacer—7.5 mg/Ib starter) 40 42.4 188.3 68.2 4.8 


the observations made in Trial I. Very little difference existed among groups 
in hay consumption or feed required per pound gain. 

The results of the two trials indicate that aureomycin and erythromycin 
improved the rate of gain in body weight of young dairy calves, reduced the 
incidence of calf scours, and increased the consumption of feed, particularly 
grain. The antibiotic hygromycin, at the levels fed in these studies, did not 
increase the rate of gain or feed consumption. In facet, at high levels, hygro- 
mycin depressed starter consumption, but it did appear to reduce the incidence 
of calf scours. 
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EFFECTS OF THREE 
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UNUSUAL MAGNITUDE AND VARIATION OF PLASMA PROTEIN- 
BOUND IODINE VALUES OF DAIRY CATTLE}? 


R. 0. ASPLUND,’ G. A. McLAREN, H. 0. HENDERSON, anp I. D. PORTERFIELD 


Departments of Agricultural Biochemistry and Nutrition and of Dairy Husbandry, 
West Virginia University, Morgantown 


SUMMARY 


Plasma PBI values of unusual magnitude and variations have been observed in the 
dairy herd at West Virginia University. The appearance of high PBI values is seasonal, 
occurring mostly in the late winter and spring. Plasma PBI follows a definite pattern 
with time by rising to a peak and then declining. A study of management practices 
revealed that the rise in PBI paralleled the feeding of grass silage to the dairy herd. 
High PBI levels were not associated with the feeding of excessive quantities of iodine 
compounds and were not characterized by high levels of plasma inorganic iodine. 
Fractionation revealed that, whereas some of the PBI was hormonally inactive, the 
remainder still indicated an unusually high level of cireulating thyroid hormone. How- 
ever, no symptoms of a pathological hyperthyroid condition could be observed in any 
of the animals studied. Although grass silage was not the sole cause of the elevation of 
PBI levels, it was capable of maintaining such levels when, normally, other conditions 
resulted in their decline. 





The occurrence in cattle of either serum or plasma protein-bound iodine 
(PBI) levels which are considerably above what is generally regarded as the 
normal has not often been reported. Long et al. (7) found PBI values which 
they characterized as being ten to 20 times normal in cows fed iodinated casein. 
When the feeding of iodinated casein was discontinued, the PBI levels dropped 
rapidly but remained above normal for some time. Long, Gilmore, and Hibbs 
(6) reported PBI values of as high as 70 pg. % as a result of feeding large 
quantities of potassium iodide to cows. Mixner and Lennon (8) reported in- 
creases in plasma PBI levels to as high as 23 ng.% as a result of treating voung 
bulls with thyroid hormones or thyroid-stimulating hormone. In each case, the 
elevated level of PBI was associated with the intake of large quantities of an 
iodine compound or with treatment of a thyroid-active substance. 

The work reported in this paper was conducted to evaluate the use of plasma 
PBI as a means of predicting productive potential of dairy cattle. A preliminary 
phase of the work involved determining whether the variation between animals 
was significantly greater than the daily and seasonal variation. In the course of 
this statistical phase, exceptionaily high PBI values were frequently obtained. 
These high values were apparently not related to a high iodine intake nor to 
any known substances possessing thyroid activity. 
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EXPERIMENTAL PROCEDURE 


The study of plasma PSI levels was carried out principally with heifer calves 
and cows of the Reymann Memorial Ayrshire herd of West Virginia University. 
The nature of the results was confirmed in the Holstein-Friesian and Jersey herds 
at the same farm. Blood samples were collected from each heifer calf at two- 
day intervals for either an eight- or 12-day collection period when the animals 
were 3 and 6 mo. of age. One or two blood samples were also collected from each 
dam. The blood samples were assayed for plasma PBI. The data obtained from 
calves at 3 and 6 mo. of ag» were analyzed for variance according to Snedecor (9). 

The milking cows were fed a good-quality mixed hay consisting mostly of 
orchard grass, Ladino clever, and alfalfa, and either corn or hay-crop silage. 
They were fed as much roughage as they would consume. They were fed a grain 
mixture according to procuction, consisting of 300 lb. wheat bran, 300 Ib. corn 
meal, 500 lb. ground oats, 100 lb. soybean oil meal, 18 lb. salt containing trace 
minerals, and 12 lb. bone meal. 

The calves and heifers were fed a good-quality grass hay consisting mostly 
of orchard grass and timothy and corn or hay-crop silage. They were fed a grain 
mixture consisting of 300 !b. each of ground oats, wheat bran, corn meal, and 
soybean oil meal, together with 18 lb. salt containing some trace minerals and 
12 lb. bone meal. 

The hay-crop silage of special interest in this study was made in June each 
year. The forage used came from two fields; one of which consisted of wheat 
and vetch, and the other of orchard grass, Ladino clover, and alfalfa. The forage 
from these two fields was mixed in about equal quantities, with wheat and 
orchardgrass being the predominating grasses. Eight pounds of sodium meta- 
bisulfite was added to each *on of silage as a preservative. 

The method employed ‘or the determination of plasma PBI was that of 
Brown, Reingold, and Sams»n (4), as modified by Lennon and Mixner (5). 

Chromatographic separation of the iodine compound bound to the protein of 
the plasma was accomplished by means of a combination of the methods of 
Acland (1) and Barna et el. (3). The iodine compounds were liberated from 
the precipitated protein by digestion with barium hydroxide and subsequent 
extraction with n-butanol. The butanol solution was evaporated to a small volume 
and divided into two equal parts. Carrier quantities of diiodotyrosine and thy- 
roxine were added to one portion and the two parts were spotted in the same 
manner on different paper strips. The strips were developed with butanol—acetic 
acid solvent (4:1), dried, «nd the chromatograph containing the carrier com- 
pounds developed with ninkydrin. The corresponding spots on the other chro- 
matograph were cut out and analyzed for iodine content by the same method 
used for the determination of PBI. Iodine recovered from the spot corresponding 
to diiodotyrosine was designated as the D fraction, and that recovered from the 
spot corresponding to thyroxine was designated the 7 fraction. 

Iodine in whole plasma and in the feedstuffs was determined by the same 
method used for PBI. It hes been pointed out by Acland (1), and confirmed 
by our experience, that in the use of this procedure iodine not bound to protein 
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is incompletely recovered. In our work, the recovery of iodine not bound to 
protein was 75%. In the analyses of iodine not bound to protein, a 75% recovery 


was assumed and an appropriate correction made. 


RESULTS AND DISCUSSION 


The mean plasma PBI values of Ayrshire cattle for the specified period of 
collection are shown in Table 1. Abnormally high PBI values occurred in late 
winter and spring each year and were also found in the cows during November- 
December, 1956. 

TABLE 1 


Mean PBI values of all blood samples collected from Ayrshire females 


PBI (ug. %) for specified period 


Feb.-Mar. May Nov.-Dee. Feb.-Mar. June Nov.-Dee. Feb-Mar. 
Age 1956 1956 1956 1957 1957 1957 1958 
3 mo. $.5(20 7.1(52 20.4(24 6.2 (24) 19.4(12) 
6 mo. 5.5 (40 12.8(16) 25.1(40 4.6 (24) 29.8(24) 
Cows 23.1(10 26.7 (12) 21.3(12) 3.2(5) 3.9(6) 25.4(9) 


Number of samples. 


Between-animal variation was much greater in the calves than in the cows, 
even though the means are nearly the same. It was noted that 16.6% of the 
observed PBI values regarded as high in the 3-mo.-old calves were greater than 
45.0 we. %, whereas the corresponding figure for the 6-mo. age groups was only 
9.7%. Values of such magnitude were never encountered in cows. The summaries 
of the analysis of variance for PBI of 3- and 6-mo.-old Ayrshire females are 
shown in Table 2. It is apparent that the results are quite similar at both ages. 
Therefore, the relationship of PBI values found in calves and those found in 
cows eliminates their possible use in predicting the productive potential. 

Spot checks of the Holstein-Friesian and Jersey herds indicated quite clearly 
that the same situation found at a given time in the Ayrshire herd also existed 
in these herds. It is interesting that at no time could any gross symptoms of 
hyperthyroidism be detected in any of these animals, despite the fact that values 
regarded as being from three to ten times above normal were regularly en- 
countered. Age at weaning, onset of puberty, and amount of exposure to sun- 
light could not be found to have any relationship to plasma PBI levels. 


TABLE 2 


Summary of analysis of variance of plasma PBI data from 3- and 6-mo.-old Ayrshire females 





Three-month-old Six-month-old 
Degrees of Mean Degrees of Mean 
Souree of variation freedom square freedom square 
Periods 4 1,015.8** 4 §,346.7°* 
Individuals within periods 28 474.8** 36 307.4* 
Plasma samples 99 12.2 103 16.2 


Total 131 143 


"P< .06. 
P< .Oi. 
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During periods when values were elevated, this elevation in PBI values could 
be shown to have a regular pattern. In Figure 1 are represented the combined 
daily means of plasma PBI ¢eterminations from 3- and 6-mo.-old heifers sampled 
in February and March, 1957 and 1958. In both years, the values reached a 
peak in March and then declined. An important difference between the two 
curves is that in 1957 the same animals were not necessarily sampled on a 
given day, whereas in 1958 the same group of animals was sampled continuously 
through the collection perio. 


1957 
ee 
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Fig. 1. Mean PBI of all *emale calves (Ayrshire) sampled on a given date. 


The possibility of an error in the PBI analytical method as used in this 
laboratory was considered. !"lasma samples obtained from the West Virginia 
University Ayrshire herd were submitted to six laboratories for PBI analysis. 
In four of the laboratories, PBI was analyzed by means of the alkaline ashing 
procedure and in the other two laboratories the iodine distillation procedure 
was used. The plasma samp'es submitted to these laboratories contained both 
abnormally high and normal PBI values. The results obtained were not sig- 
nificantly different (P < .05: from those obtained in this laboratory. These 
data are presented in Table ¢ 

The iodine content of the ration ingredients received by these animals is 
shown in Table 4. None of te ingredients contained appreciable quantities of 
iodine. From Table 4, it can be calculated that a large dairy cow fed daily 15 |b. 
of hay, 30 lb. of corn silage (fresh weight), and 15 lb. of concentrate would 
ingest a daily quantity of only 0.2 mg. of iodine. Long, Gilmore, and Hibbs (6) 
fed as much as 22 mg. daily ef potassium iodide to dairy cows without affecting 
PBI levels. 

According to Long et al. (6, 7) and Alleroft et al. (2) elevated PBI levels re- 
sulting from feeding iodine cempound are accompanied by extreme elevation of 
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TABLE 3 
Plasma PBI values obtained in different laboratories using two methods of analysis 








Plasma PBI (ug. %) in sample 








6* 47° 52A” 52B” 63B” 65° 74° 78° 
A‘ 6.8 12.1 14.4 14.5 
B‘ 7.6 12.3 19.2 21.4 
c* 8.1 11.7 20.7 23.3 
D* 6.9 10.6 15.8 18.4 
H* 6.5 7.6 
p* 17.0 82.7 
WVU? 6.3 10.8 17.1 16.0 6.3 6.3 15.0 76.0 
Mean and S.E. 7.1403 11.520.3 17.441.2 18.7+1.7 











“This was a sample of pooled human plasma purchased from Warner-Chileott Co., New 
York. 

® Plasma obtained from an Ayrshire cow. 

* Plasma obtained from an Ayrshire calf. 

‘Plasma PBI determined by means of alkaline ashing. 

* Plasma PBI determined by means of iodine distillation. 


TABLE 4 
Iodine content of the ration received by the West Virginia University dairy herd 





Iodine 


Component (ug. per gram) 
Concentrate fed.to cows 0.008 
Concentrate fed to calves 0.009 
Hay (fed to milking herd) 0.005 
Hay (fed to calves) 0.004 
Corn silage (dried) 0.015 
Grass silage (dried) 0.009 


the level of iodine in plasma not bound to protein (plasma inorganic iodine). 
They reported that PBI levels of 30 to 70 wg. % are accompanied by inorganic 
iodine levels of from 400 to 1,100 ng. %. According to these workers, PBI would 
represent about 10% of the total blood iodine. It can be seen from Table 5 that 
with samples chosen at random from those collected in this study, in every case the 
PBI represented more than 90% of the total blood iodine. 

The division of PBI into the D and T fractions is presumably a division into 
hormonally inactive and active fractions, respectively. Long, Gilmore, and 
Hibbs (6) have suggested that in the case of high PBI values in which no symp- 


TABLE 5 
A comparison of plasma PBI and total plasma iodine of Ayrshire females 





PBI Total iodine PBI % of total iodine 
(ug. %) (ug. %) 
7.0 7.8 89.7 
5.4 6.1 88.5 
6.6 7.4 89.2 
4.8 4.9 98.0 
16.3 18.8 86.7 
29.0 32.3 89.8 
38.7 40.9 94.6 
52.8 57.0 92.6 


Mean 91.1 
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toms of hyperthyroidism were present a large part of this PBI was represented 
by hormone-like iodination products of protein, such as the hormonally inactive 
products in iodinated casein. It would be expected that such products would be 
in the D fraction and active compounds would be in the 7’ fraction. In Table 6 
it may be seen that, in contrast to normal PBI levels, high PBI levels are charac- 
terized by a considerable perventage of iodine in the D fraction. However, the 
level in the 7 fraction is much higher than that regarded as normal and should 
reflect a pathological thyroid «tate which was not in evidence in this study. 


TABLE 6 
Chromatographie fractionation of PBI from cattle with high and normal levels. 
Values expressed in micrograms per 100 ml. of plasma 


Sample type D fraction T fraction PBI Per cent recovery 
High 14.5 21.1 44.0 81 
High 16.0 28.8 60.1 75 
Normal 0 3.8 4.5 84 
Normal 0 3.8 4.1 93 


The appearance of high plasma PBI values corresponded quite closely to the 
time at which grass silage feeding was begun. In the fall of 1956, the cows were 
fed all grass silage in contrast to the fall of 1957, when both corn and grass 
silage were fed. In the fall of 1956, one 9-mo.-old heifer which had received grass 
silage had a mean plasma PB: for four collections of 48.3, compared to a mean 
of 8.2 for four other animals of the same age which had not received silage. In 
the spring, the rise of the plasma PBI of calves corresponded approximately to 
the beginning of grass silage feeding. It would appear that while grass silage 
is not the sole cause of the elevation in PBI, it is a contributing factor of some 
importance. 
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TECHNICAL NOTE 


EVALUATION OF SHORT-INTERVAL MILKING 


AS A 


PHYSIOLOGICAL TECHNIQUE 


While attempting to evaluate short-interval 
milking as an experimental approach to prob- 
lems in milk secretion in dairy cattle, Laksh- 
manan et al. (1) observed that certain factors 
appeared to influence the amount of milk and 
butterfat produced during two-hourly milking 
for a short period. Beeause of the possible 
importance of this technique, we should like 
to make the following comments on those as- 
pects of the paper which we feel may lead to 
ambiguity in interpretation. 

lL. Production in any 24-hr. period can not 
be regarded as a_ valid eriterion; 
hence, the analyses of variance presented are 
based on “observations within plots” and are 
invalid. -The three “experiments” were, in 
fact, three uniformity trials; the three obser- 
vations on each provide only a_ single 
measure of the response to short-interval 
milking. Thus, two reasonable measures of 
response per cow would be, 


res pe mse 


cow 


R = Period II — = IL + Period =) 


») 
or alternately, 
= 2 Period I] 


Period | + Period II] 


That the three observations provide only one 
information is obvious when it is 
Period 


piece of 


considered that if, for any cow, the 
Il observations were lost, the remaining ob- 
servations on that cow would be meaningless. 


2. The general procedure in controlled ex- 
perimentation is:to apply treatments to ex- 
perimental units and to measure the resulting 
yield. In Lakshmanan ef al. (1), the exper- 


imental units were cows, the treatments: (a) 


high producers early in lactation; (b) low 
producers early in lactation; (¢) high pro- 
ducers late in lactation; and the yield was 


response to two-hourly milking. With 13 cows, 
their data had a total of 12 degrees of freedom, 
for which the correct analysis of variance 
would be: 


Source of variation DF 
Between treatments 2 
Error (cows within treatments) 10 
Total 12 


This analysis, of course, would require all 
cows to be milked under the same conditions. 
In facet, however, treatment (b) was carried 
out at a different time than the other treat- 
ments; henee, its effeet was confounded with 
the different shed conditions prevailing at the 


time. Nevertheless, accepting this restriction, 
it is clear that the authors could have carried 
out a valid statistical test of the hypothesis that 
the potential level of production per cow in- 
fluenced the response to short-interval milking. 
3. The simplest hypothesis on the response 
to frequent milking would probably be that 
at a particular stage in lactation each cow has 
a potential production, P, but that when 
milked, for example twice-daily, the cow pro- 
duces an amount, 7, less than or equal to P. 
Yield of potentially low-producing cows at all 
stages of lactation is unlikely to be influenced 
by frequent milking, hence, 

rar (1) 
At higher levels of potential production, how- 
ever, twice-daily milking might be expected 
to limit actual production to a fraction of 

potential production, that is, 

when T < P, 

T=a-+ bP (2) 

where O <b) <1. 
Taking two-hourly milking for 24 hr. as a 
measure of potential production, P, and twice- 
daily production as a measure of 7, the follow- 


ing estimate of Equation (2) was obtained 
from the present data by regression : 
T = 7.99 + 0.7755 P. (2’) 


This relation, which has a coefficient of deter- 
mination, 7°, of .96 is shown graphically in 
Figure 1, where the maximum value of P 
equal to T is estimated to be 35.6 lb. of milk 
per 24 hr. 
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Fig. 1. The relationship between actual and 


potential yield in twice-daily milking. 
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TECHNICAL NOTE 


In computing (2’), the data for the cow in 
its first month of lactation were mitted, 
because the relationship between actual and 
potential yield in early lactation is conyplicated 
by the unknown factors responsible ‘or the 
positive slope of the lactation curve in early 
lactation. 

It should be noted that the regression tech- 
nique used to compute (2’) is open to criticism 
because of the identity, 

P= T + difference. 

Nevertheless, (2’) is probably the ost il- 
luminating use that can be made of the avail- 
able data. 

4, No justification is given for seleeting a 
period in which the cows are taken to be 
adjusting to the new milking regimes. We 
may observe that since the mean yieid for 
Period III was greater than for Period I, 
and since the cows were nearer to the «nd of 
their lactation in Period III, it is possibie that 
an overcompensation by each cow took place. 
If shown to be true, a finding such @s this 
would have great physiological significance. 
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To test accurately for compensation, it is 
necessary to take into account the regression 
of time on yield (i.e., on the slope of the lae- 
tation curve). ‘lhis might be accomplished 
through using a slope calculated from a large 
population of cows or, alternately, a more sim- 
ple method might be a comparison of the slopes 
in the two periods. 


1D). R. Lamonp 

Faculty of Rural Science, and 

W. V. CANDLER 

Faculty of Agricultural Economies, 
University of New England, 
Armidale, N.S.W., Australia 
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OUR INDUSTRY TODAY 


DRY VS. LYE-SOLUTION STORAGE OF MILKING MACHINE 
RUBBER INFLATIONS? 


J. M. JENSEN 
Department of Dairy, Michigan State University, East Lansing 


Milking machine rubber inflations deteriorate 
at an accelerated rate as a result of the absorp- 
tion of fats during milking. This fat absorp- 
tion and extraction by and from various natural 
and synthetic rubbers have been studied by 
several workers (1-5) who, in general, showed 
the damaging effeets of fat on rubber and the 
benefits of lye storage. 

Milking machine inflations undergo changes 
in size, shape, and composition as a result of 
use and storage during use interims. The 
rapidity with which these changes take place 
determines the useful life of inflations. If this 
period of usefulness could be prolonged by 
improved storage conditions, the savings 
effected thereby to the milk producers would 
be of inealeulable value. To this end, a long- 
range, farm-use storage study was made with 
different brands of natural and Perbunan rub- 
ber inflations. The effeets of dry vs. lye-solution 
storage on the deterioration and life of milking 
machine rubber inflations were compared. 


HISTORICAL 


Investigations dealing with the deterioration 
ot rubber by absorption of fats and removal 
ot fats with caustie soda, thereby extending its 
life, have been condueted by workers in New 
Zealand and England as well as in the United 
States (1-10). Fat absorption has been shown 
to take place largely during the time of milk- 
ing, with approximately half of the fat ab- 
sorbed from the milk and half from the skin 
and hair of the cows. 

Deterioration of rubber oceurs in two stages: 
namely, the primary, causing softening and 
swelling and the secondary, resulting in oxida- 
tion and hardening of the rubber. The primary 
types of deterioration are largely reversible, 
but the secondary ones are irreversible. 

Laboratory studies, as well as field studies, 
show that fats are effectively and conveniently 
removed by storing inflations in 5-10% 


strength solutions of cold caustie soda for 
periods of 1-2 wk. With this procedure, 


Gardner and Berridge (4) noted a 50% in- 
crease in the useful life of inflations. 
SCOPE OF THE INVESTIGATION 

This study on dry vs. lye-solution storage of 

milking machine rubber inflations was made 


' Authorized for publication as Journal Article 
No. 2414 of the Michigan Agricultural Experiment 
Station. 


under actual field conditions. Both natural and 
synthetic rubber inflations were subjected to 
6 mo. use for each of the two methods of stor- 
age. The year-long investigation, embracing 
all-season conditions, involved 36 milk pro- 
ducers, who used the rubber inflations aecord- 
ing to specific directions. The study encompassed 
360 natural and 232 synthetic rubber inflations, 
which were inspected intermittently through- 
out the year and checked carefully at the end 
of the use period. 


EXPERIMENTAL PROCEDURE 


Milk producers in Central Michigan were 
selected for the study according to routes. 
Producers were asked to use sets of milking- 
machine inflations for a week, then replace the 
inflations and store them either dry or in a 5% 
lve solution, as the experiment dictated. Dur- 
ing use, inflations were stored dry between 
milkings. Producers washed their inflations 
without specific instruction. All inflations placed 


on all the milking machines were new and 
branded with their respective weights. Hach 


producer was given two sets of inflations so they 
could be alternated at weekly intervals. Extra 
inflations, identified by special marking, were 
furnished for replacing damaged ones. 

The inflations used were of standard, natural 
rubber and of Perbunan rubber quality as fur- 
nished by various manufacturers. 

Equipment for lye storage consisted of con- 
tainers, racks, and lye was provided. Earthen- 
ware crocks were used at the start of the study 
but were replaced later with 5-gal. steel pails. 

Producers were requested to place tags on in- 
flations which required removal from service, 
with notation of date of discontinuance. At 
the end of 1 yr., or 6 mo. use for each set of 
inflations, all the inflations were picked up for 
reweighing and laboratory examination. 


RESULTS 


Effects of dry storage. Data presented in 
Table 1 show the effects of storing inflations 
dry for seven-day periods after each week of 
use. 

All the natural rubber inflations, regardless 
of brand, increased in weight. The increase in 
weight per brand of inflation ranged from 7.4— 
15.8%. The average increase in weight was 
10.8 g. per inflation, or 10.4% of the original 
inflation weight. 

All Perbunan inflations lost weight equal to 
1.73% of the original weight. The percentage 
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TABLE 1 
Weight changes of natural and synthetic rubber 
inflations during 12 mo. of use when stored 
dry during alternate weeks 





Average 
initial _ Change in weight 

Brands Cows weight of of inflatioas 

of rub- milked  inflations 

ber used (No.) (g.) (g.) (%) 

Natural rabber 
Bl 3,600 87.3 +7.2 8.2 
B2 87.1 +10.4 11.9 
Fl 123.7 +9.2 7.4 
F2 123.4 +14.4 13.7 
F3 124.0 +10.4 8.4 
A 92.1 +14.6 15.8 
D 90.8 +7.4 8.1 
Average 10.8 10.4 
Perbunan rubber 
HI 2,555 87.4 —1.5 —1.7 
H2 1,642 87.5 —U.5 —0.9 
H3 3,650 87.3 —1.3 —1.5 
H4 2,007 87.4 —1.1 —1.3 
Hd 3,650 86.6 —1.2 —1.4 
H6 2,900 86.5 —1.5 —1.7 
H7 3,100 88.0 —3.2 —3.6 
Average —1.05 -1.73 


loss of the inflations ranged from 0.9-—3.6% 
per inflation. 

Of 136 natural rubber inflations used 97, or 
71.3%, were discarded during the period of 
study; whereas, only 16 of 120 Perbuna in- 
flations, 13.3%, were discarded during a similar 
period (Table 2). 
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Effects of lye-solution storage. Data presented 
in Table 3 show the effects of 5% lye solution 
on weight changes of milker inflations used dur- 
ing the 12-mo. study. 

The natural-rubber inflations gained on an 
average 3.94 g. per inflation, or 3.87%. Except 
for Brand D, which lost 2.1 g. per inflation, the 
gains ranged from 2.8-7.2 g. 

The Perbunan inflations lost weight with lye 
storage; the average loss was 7.1 g. each, or 
8.1%. The losses ranged from 6.7 to 9.5%. 

Sixty-five of the 159 natural rubber inflations 
used and stored in lye, or 28.1%, were discarded 
as a result of damages sustained by them (Table 
4). Damage consisted of roughness inside in- 
flation barrels in 48 inflations, and from stem 
tears and punctures in 17 inflations. 

Reasons for discarding inflations. Data pre- 
sented in Table 5 show the nature and extent 
of damage to natural and Perbunan rubber in- 
flations under dry and lye storage. 

Of 136 natural-rubber inflations subjected to 
alternate-week dry storage 97, or 71.3%, were 
discarded. Forty-three inflations, 31.6% of the 
total number used, were discarded because of 
stem damage, and 54, or 40%, because of dam- 
age to inflation barrels. Thus, of 97 natural- 
rubber inflations discarded, 44% had stem dam- 
age and 56 had barrel damage. 

Of 224 natural-rubber inflations subjected to 
lye storage 65, or 29%, were discarded. Only 
8.5% of the total number used were discarded 
because of stem damage, and 20.5% because of 
barrel damage. Thirty per cent of those dis- 
carded were stem-damaged and 70% were 
barrel-damaged. 


TABLE 2 


Milking-machine rubber in 


ations discarded during 12 mo. of use 


when stored cry during alternate weeks 





Brands of 








~ Inflations 





Discarded during 


; : ; study 
rubber Cows milked At start ef study At end of study ee i ER 
used (No.) (Ne.) (No.) (No.) (%) 
Natural rubber 
Bl 3,600 24 0 24 100.0 
B2 3,832 3° 23 9 28.0 
Fl 3,280 lé 0 16 100.0 
F2 24 0 24 100.0 
F3 8 0 0.0 
A s 0 0.0 
D 24 0 24 100.0 
Total 136 39 97 71.3 
Perbunan rubber 
Hl 2,555 1¢ 15 1 6.3 
H2 1,642 1¢ 16 0 0.0 
H3 3,650 1¢ 12 + 25.0 
H4 2,007 16 13 3 18.8 
H5 3,650 24 20 + 16.7 
H6 2,900 16 15 1 6.3 
H7 3,100 1€ 13 3 18.8 
104 16 13.3 


Total 12¢ 








1728 JOURNAL OF 


TABLE 3 
Weight changes of natural and synthetic rubber 
inflations during 12 mo. of use when stored 
alternate weeks in a 5% lye solution 








Average 
initial (Change in weight 
Brands Cows weight of of inflations 
of rub- milked  inflations . - 
ber used (No.) (g.) (q.) (%) 
Natural rubber 
Al 912 90.3 +5.1 5.6 
A2 1,825 92.0 +4.4 4.8 
A3 3,285 92.0 4.7.2 7.8 
Bl 4,197 87.1 +3.1 3.6 
B2 86.8 +2.8 3.2 
Cl 98.6 +3.5 3.5 
C2 98.9 +4.9 4.9 
D 91.1 ht —2.3 
El 1,896 99.8 +4.8 4.8 
E2 1,825 106.5 +6.0 5.6 
Fl 3,650 122.8 +3.1 2.5 
F2 2,920 123.5 $3.5 2.8 
F3 2,190 123.2 +5.4 4.4 
G 1,581 113.7 +3.5 3.1 
Average 3.94 3.87 
Perbunan rubber 
H1 912 97.2 —6.5 6.7 
H2 1,460 88.4 —8.4 9.5 
H3 87.9 —7.1 8.1 
H4 87.1 —6.8 —7.8 
H5 80.0 —§6.5 —§,] 
H6 86.9 —7.4 —8.5 
H7 81.9 —7.0 —8.5 
H8 3,467 86.8 —6.9 —7.9 
Average —7.1 —8.1 





Of 120 dry-stored Perbunan inflations 16, or 
13.3%, were discarded because of stem damage. 
Of 112 lye-stored Perbunan inflations 12, or 
10.07%, were disearded for the same reasons. 
No Perbunan inflations were discarded because 
of barrel damage. 

Appearance of inflations at close of study. 
Natural rubber inflations differed widely in ap- 
pearance after storage, depending upon the type 
of storage. The dry-stored inflations became 
longer, of greater diameter, and appeared dis- 
tended and swollen. Furthermore, many infla- 
tions were misshapen, to the extent that when 
placed on end they did not stand upright 
(Figure 1). 

On the other hand, those inflations stored in 
the 5% lye solution retained their original 
shape and size. All natural-rubber inflations, as 
a whole, were equally rough as determined by 
feel and appearance. 

Both Perbunan and natural rubber inflations, 
after several weeks of dry storage, were coated 
with a grayish film of fat which had been ex- 
pressed by the rubber. The heaviest coating of 
film appeared in the flexing portion of the in- 
flation barrel. No such coating appeared on 
those inflations stored in lye solution. Lye- 
stored inflations retained a clean, fresh, new 


appearance throughout the study. 
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Fig. 1. Showing differences in appearance and 
size of inflations, following dry storage (left one 
of each pair) and lye storage. 





Perbunan inflations retained their original 
shape, regardless of the type of storage. Indi- 
cations of swelling or deterioration of the Per- 
bunan were not noted. However, some roughness 
inside the barrels was observed. The lye-stored 
Perbunan inflations were damaged slightly more 
than were those stored dry. Also, the lye-stored 
inflations shrank in over-all size to a small ex- 
tent. Presumably, the shrinkage was equal to 
the difference between the losses in weight*when 
the inflations were stored under either of the 
two conditions. Therefore, the Perbunan in- 
flations under lye storage were presumed to be 
approximately 6.5% smaller than those dry 
stored. 

A further outstanding difference resulting 
from the type of storage was the odor of the 
inflations. Regardless of the type of inflation, 
dry storage yielded an unclean odor. This was 
in contrast to the very clean, fresh odor found 
in those inflations stored in lye solution. 

Containers for lye storage. New, earthenware 
5-gal. erocks were supplied producers using the 
lye-storage treatment of milking-machine rubber 
inflations. After about 2 mo. of use, lye solu- 
tion seepage occurred, due to the lye destroying 
the glazed finish on the crocks. The crocks were 
then replaced with 5-gal., 24-gauge steel pails. 
The pails selected were fitted with gasketed 
covers which were closed by a level-locking ring. 
For convenience in handling, the pails were 
provided with bails. 

The steel pails proved satisfactory for lye 
storage. They did not leak and they were not 
subject to lye corrosion. Some rust spots ap- 
peared on the underside of the cover, resulting 
from condensation of moisture. The steel pails 
were easy to handle and, being covered, gave 
protection against entry of soiling matter. The 
element of danger in the use of strong lye in an 
open container was avoided by using a locking 
cover. The kind of pail used is shown in Figure 
2, along with an inner polyethylene pail to hold 
the inflations. The polyethylene pail was 
punched with holes, making it serve as a col- 
ander, for rapid entry and discharge of the 
lve solution. 
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TABLE 4 
Milking machine rubber inflatiens discarded during 12 mo. of use when 
stored alternate weeks in a 5% lye solution 





Inflations 


Discarded during 


Brands of Cows At start At end of study 
rubber milked of stucly study 
used (No.) (No.) (No.) (No.) (%) 
Nastural rubber 

Al 912 8 6 2 25.0 
A2 1,825 16 15 1 6.3 
A3 3,285 16 16 0 0.0 
Bl 4,197 16 14 2 12.5 
B2 2,920 16 16 0 0.0 
C1 2,525 16 s 8 50.0 
C2 1,825 S 7 ] 12.5 
D 1,825 16 16 0 0.0 
El 1,896 24 0 24 100.0 
E2 1,825 16 14 2 12.5 
Fl 3,650 16 12 4 25.0 
F2 920 16 16 0 0.0 
F3 190 24 1) 5 20.8 
G 1,581 16 0 16 100.0 

Total 224 159 65 29.0 

Perbunan rubber 

H1 912 8 8 0 0.0 
H2 1,460 16 13 3 18.8 
H3 1,825 16 16 0 0.0 
H4 2,723 16 14 2 12.5 
H5 1,277 8 7 1 12.5 
H6 2,190 16 12 4 25.0 
H7 3,650 16 14 2 12.5 
HS 3,467 16 16 0 0.0 

Total 112 100 12 


TABLE 5 


Nature of damage to natur 
subjected 


Inflations 


Diseardec 


Type of Kindof Used — 

rubber storage (No.) (No.) (GK) 
Natural Dry 136 97 713 
Natural Lye 224 65 29.4) 
Perbunan Dry 120 16 13.3 
Perbunan Lye 112 12 10.7 


* Percentage of total diseards. 


DISCUSSION 


The seven-day, alternate-week storage in 5% 


lye solution was effective in prolonging the use- 
ful life of inflations, the retention of their 


original shape and size, as well as in keeping 
them fresh in odor and clean in appearence. 
While natural rubber was benefited by lye stor- 
age more than was Perbunan, both kinds of 
inflations were made clean and fresh of odor 
to an extent that was never attained by the best 
washing practices. 

An increase in weight of inflations was revog- 
nized being eaused by fat having been 


as 


l and synthetic rubber inflations when 
o dry vs. lye storage 





Inflations discarded because of 





Stem damage 





sarrel damage 





2 (No.) 








(No.) 





(%) (%) (%) (%o)* 
43 31.6 44.0 54 40.0 56.0 
19 8.5 30.0 46 20.5 70.0 
16 13.3 BE. iene.  Yicnedeetay — eee 
10.7 


100.0 


absorbed from the milk and from the skin of 
the cow’s udder, the absorption taking place 
mainly during milking. That portion of the 
inflation subjected to flexing with the pulsation 
of the milker absorbed the greatest amount of 
fat. Apparently, once flexing was started in 
an area of an inflation, the pattern of flexation 
beeame established and continued there despite 
removal of inflations for cleaning after each 
milking. Absorption of fat oceurred also in 
nonflexing portions of the inflations, as observed 
by films of fat which appeared on idle inflations 
after several weeks of storage. 
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Fig. 2. Showing use of lye storage containers. 


Natural rubber inflations increased in weight 
with absorption of fat. Perbunan, on the other 
hand, showed loss in weight. A similar char- 
acteristic of Perbunan was shown in a previous 
investigation (5), wherein loss of weight was 
experienced when Perbunan was soaked in 
butter oil. Perbunan inflations, nevertheless, 
absorbed some fat as indicated by an appear- 
ance of fat films on inflations held in the labo- 
ratory several weeks at the completion of the 
study. 


SUMMARY AND CONCLUSION 


Natural and Perbunan rubber milking ma- 
chine inflations were stored dry and in a 5%, 
cold-lye solution during alternate weeks under 
field conditions for a year to compare their 
lasting qualities, weight changes, and appear- 
ances. 

With dry storage, the natural rubber infla- 
tions gained an average of 10.4% in weight. 
Similarly stored Perbunan inflations lost weight, 
averaging 1.73%. 

When stored in. the lye solution, the natural 
rubber inflations increased in weight, averaging 
3.87%. Under similar conditions of storage, the 
Perbunan inflations lost weight, averaging 8.1%. 

A higher percentage of natural rubber infla- 
tions, 71.3% as compared with 29%, was dis- 
earded when the inflations were stored dry 
rather than in lye solution. Perbunan infla- 
tions were equally durable under either con- 
dition of storage. 

Lye-solution storage favored retention of 
shape and quality of the natural rubber in- 
flations, whereas those dry-stored became en- 
larged and misshapen with use. 


RECENT DEVELOPMENTS IN 
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Lye-solution storage yielded cleaner appear- 
ing and sweeter-smelling inflations than dry 
storage, regardless of the type of inflation. 
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AUTOMATIC CLEANING OF 


STORAGE TANKS! 


V. E. Meyers 
Girton Manufacturing Company, Millville, Pennsylvania 


Automatic cleaning means mechanical clean- 
ing. When successful mechanical cleaning is 
being done it is possible, by instrumentation and 


* Presented at Seventh Annual National Dairy 
Engineering Conference, Michigan State Univer- 
sity, East Lansing, February 26-27, 1959. 


control, to automatize the cleaning system to 
any desired degree. Different ideas seem to ex- 
ist as to what sanitation means as it applies to 
dairy equipment. In this diseussion we mean a 
tank that is clean as demanded by all sanitary 
standards. Several devices have heen used to 
clean storage tanks by mechanical methods. 
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We shall examine these devices and see how 
each one is supposed to operate. 


EQUIPMENT 

Spray balls. More spray balls have been in- 
stalled in storage tanks than any other device. 
Some have been installed as a permanent part 
of tank equipment. Others have been designed 
to be placed in the tank when the cleaning: op- 
eration is started. Both types of spray balls 
are expected to do the same cleaning jo», so 
they will be grouped together. These spray 
balls have been placed on piping extending 
down from the top of the tanks, on horizontal 
piping welded to the tank liner, and on piping 
that rests on supports standing on the bettom 
of the tank. They have generally been self- 
draining. In fact, they need to be self-draining 
and self-cleaning if they are to be successful. 
Some spray balls are made in two sections 
which are separable and can be taken apart for 
cleaning. Other spray balls have a plastic ball 
installed inside, made to bounce around by the 
solution flow and keep the inside of the ball 
clean. 

Recently, variations of the spray ball tave 
been designed and installed in storage tenks. 
Generally, they are not spherical in shape, but 
are supposed to do the same job as the regular 
spray balls. 

The spray balls and variations of them have 
given varying results. A pump to supply pres- 
sure to the cleaning solutions has been attavhed 
to the spray ball piping system. These spray 
balls have been used in all sizes and shapes of 
tanks. Generally speaking, a single spray ball 
has been installed for each 8 ft. of tank length. 
This has been a general rule, but is not true in 
all cases. They have been placed at different dis- 
tances from the bottom and from the top o7 the 
tanks. 

Hot sprays. The second device that has been 
used is the hot spray unit. This consists of a 
tank, hose, nozzle, and pump. A solution is 
prepared in the tank, and it is heated and 
sprayed on the tank surface. The hot solution 
is atlowed to remain on the surface for a short 
time. A respray with the hot solution foliows 
and then rinsing with fresh water as the last 
treatment. A man must enter the tank to apply 
the cleaning solution properly. 

Injector sprays. The third cleaning devi-e is 
the injector type of hot spray unit. This consists 
of a detergent reservoir tank, a Venturi element, 
and a mixing valve with hose ad nozzle. The 
tank is filled with detergent and connected to 
a water supply. The water ilows through the 
Venturi and draws detergent from the suyply 
tank and mixes the solution. The nozzle is then 
controlled by the man who sprays the sur‘ace 
to be cleaned. 

Rotary sprayers. 
rotary type sprayer. 
driven by a motor, 


The fourth device is the 
It has a rotating head, 
fitted with a number of 
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spray nozzles. These nozzles are supposed to 
overlap and completely cover the inside sur- 
faces of the tank. This sprayer requires a pump 
to cireulate the cleaning solution through the 
spray nozzles. 

Rotating nozzles. The fifth device consists of 
a rotating nozzle-equipped head. It is rotated 
by the jet action of one or more of the spray 
nozzles. This device has the spray patterns 
desigred to overlap on the tank surface. The 
rotating mechanism has been made with sleeve 
type bearings and, more recently, with stainless 
steel ball bearings. This unit requires a fixed 
pressure system, to insure positive and constant 
speed of rotation. Usually, it has been installed 
in the top of storage tanks. Not many of these 
cleaning devices have been installed in tanks. 

Rotating shafts. The sixth cleaning device 
consists of a rotating hollow shaft that extends 
down through the top of the storage tank. A 
fan-shaped, slotted jet is attached to the hollow 
shaft. Cleaning solutions, under pressure, flow 
through the hollow shaft and out through the 
slotted jet. Because the slotted jet throws a 
fan-shaped pattern of cleaning solution, an 
uninterrupted stream of solution is placed on 
the top surface of the tank liner. As the jet 
assembly rotates, complete coverage of the tank 
interior is accomplished with each revolution of 
the jet. Normally, this mechanism rotates five 
times per minute. This mezns that five times 
per minute the entire interior of the tank is 
covered with cleaning solution. 

This rotating slotted jet has also been in- 
stalled as an integral part of the agitator shaft. 
It is designed to allow normal use of the agi- 
tator without any adjustment. When the clean- 
ing operation is started, solution is pumped 
through an inlet on top of the tank. The clean- 
ing solution flows through the holiow shaft and 
out through the slotted jet. This fan-shaped 
pattern of solution covers the upper surfaces to 
be cleaned and flows down the sides and ends. 
An opening in the device allows solution to flow 
down the agitator shaft and thoroughly clean 
the shaft and upper blade or blades. The bottom 
agitator blade, or blades, and the bottom bear- 
ing, are cleaned by rotating in the pool of clean- 
ing solution that collects on the bottom of the 
tank. This solution is drawn out through the 
outlet and discharged to the drain or used again. 

These devices have been used for cleaning 
storage tanks, and different ideas exist as to 
their cleaning efficiency. 


PROCEDURES 


Probably the best way to clean a storage tank 
by mechanical means would be to proceed as 
follows : 


1. Fill the tank with water, add the proper 
chemical to make a good cleaning solution, heat 
the solution to the proper temperature, and 
shake the tank until the soil is removed from 
the cleanable surfaces. The only problem is to 
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find a man strong enough to pick up a storage 
tank and shake it. By accepting this method 
as the perfect one, we can then consider these 
mechanical cleaning devices and see how they 
approach perfection. Certainly, it is safe to 
assume that good chemicals are available to do 
the cleaning job. Water and methods of heat- 
ing are at hand. Pumps, tanks, and controls 
are all presently available. The different devices 
can all easily be installed in tanks. Now, all 
that remains is for the mechanical devices to 
completely cover the surfaces to be cleaned with 
cleaning solution. 

The Spray Ball Method can do this, provided 
it is properly installed and if the proper pres- 
sure and volume of cleaning solution is supplied 
to the inlet. Also provided, and this is very im- 
portant, that the storage tank has been designed 
to be cleaned by mechanical means. A spray 
ball, 4 in. in diameter, can have any number of 
holes drilled into its surface, through which the 
cleaning solution is discharged. To work at all, 
these balls must be some distance from the sur- 
face to be covered. Otherwise, all the solution 
would strike the surface in a small area. As 
the distance increases between the spray ball 
and the surface to be cleaned, the streams of 
solution get farther apart. This means that 
the solution has to bounce or slide across the 
area between these impact points. It is quite 
diffieult to control this bounce or slide and, 
again, proper installation should be stressed. 
If the tank has a vertical agitator shaft, it is 
difficult to spray the back side of the shaft. It 
is hard to make water bounce, slide, or go 
around corners, into blind spots, bearings, or 
around any obstructions in the tank. The re- 
sults from spray ball installations indicate that 
extreme care must be taken to insure that sue- 
cessful cleaning will be realized. 

The hot spray system of cleaning tanks can 
be efficient, but it is still a manual operation. 
It requires the same attention to chemical solu- 
tion, temperature, and time to insure success. 
This operation also requires that a man go in- 
side the tank, which limits its usefulness as a 
mechanical method of cleaning storage tanks. 

The injector system of hot spraying is essen- 
tially the same as the pump type system men- 
tioned previously. 

It should be mentioned that some air-agitated 
tanks have been fitted with pumps, to force 
cleaning solution through the air tubes, and that 
this was supposed to clean these tanks, but 
there is no information on the efficiency of 
this method. If complete coverage of the tank 
interior can be accomplished, this method could 
be successful. 

The rotating head fitted with spray nozzles 
ean be installed in tanks. This device will clean 
tanks, if it is supplied with the proper chemical 
solution, under the ideal pressure. This device 
has limitations. It can not spray around corners 
or behind shafts. It must be carefully engi- 
neered and installed. The nozzles must be ad- 
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justed to overlap and completely cover the soiled 
surface. The problem of being self-draining 
and sanitary in design must be met. Ordinary 
pipe threads on the nozzles must be removed 
and a sanitary connection made. This rotating 
nozzle-equipped head must be carefully installed 
in a tank to be efficient. 

The self-rotating cleaning head has the same 
problems in cleaning tanks as do the other 
devices, and involves the design of the rotating 
mechanism. The bearings must be sanitary, 
self-cleaning, and self-draining. Cleaning solu- 
tions and the temperature of them affect the 
operation of this device. Because it is jet- 
operated, pressure affects its speed. This is 
another device that can clean tanks if all the 
engineering problems are solved and if it is 
properly installed in a tank that can be cleaned 
by mechanical means. 

The slotted jet mechanism that is rotated by 
a separate motor will clean tanks with hori- 
zontal agitators or air agitation, if properly 
installed. The solution comes from the jet near 
the top of the tank. The jet puts solution on 
the top surface to be cleaned and into the sight- 
glass and vent openings. The solution flows 
down the sides of the tank to clean these sur- 
faces. The device requires that a 4-in. sanitary 
ferrule be welded into the top of the tank. The 
mechanism attaches to this ferrule with a 4-in. 
sanitary nut. It is self-supporting and the 
motor is part of the unit. This makes a sani- 
tary, easily inspected device, as the slotted jet 
comes apart for visual inspection. 

The slotted jet device has given excellent 
cleaning results when installed on a_ vertical 
agitator shaft. The tank is cleaned because the 
slotted jet completely covers the inside of the 
tank, provided it has been designed to be 
cleaned by mechanical means. 

Care must be exercised that this device is 
not rotated too fast. At 36 r.p.m. the device 
will clean a tank 16 ft. long. Longer tanks 
require slower-speed agitator motors. Two-speed 
motors have solved this problem. 

Some tanks are not made to be cleaned 
mechanically. It is better to admit this fact 
and save trouble and misunderstanding when 
the proper results are not obtained. 

From this evaluation of the available mechan- 
ical cleaning methods, it is apparent that a 
good practical method of cleaning storage tanks 
can be developed to a point where success is 
assured. 

Along with the description of recent cleaning- 
device developments should go a description of 
cleaning methods as related to chemicals, time, 
temperature, rinsing, sanitizing, and volume of 
solutions required. Much work has been done 
along these lines and some practical answers to 
the questions have been developed. 

Prerinsing. We have found that a good pre- 
rinse with water at 90 to 100° F. is the best way 
to remove the loose soil in storage tanks. Apply- 
ing three-tenths of a gallon to each square foot 
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of tank surface will result in good prerinsing. 
This figure is correct with a slotted, fan-shaped 
jet. A good practical way of deciding on the 
amount of prerinse water to use is to observe 
the water as it leaves the tank outlet. When 
it is clear, the tank is adequately rinsed. 
Chemicals. We recommend that the advice of 
chemical manufacturers be followed. These 
people know their products and what they will 
do. They have the materials to properly «lean 
these tanks by mechanical means, and ‘hey 
should be consulted in their use. The solvtion 
must be strong enough to remove the sol in 
the tank, but excessive chemicals result on)y in 
waste. We feel that the solution temperature 
should be kept as low as possible. However, 
the chemical in question may require a taini- 
mum temperature, so it is best to follow resom- 
mendations. Remember that heat causes the 
stainless steel to expand, cold causes it to con- 
tract. These forces should be held in eeck. 
Results have proven that cleaning can be aec- 
complished by a maximum solution tempera- 
ture of 135° F. The slotted jet delivering 50 
g.p.m. to the interior surfaces of the tank will 
clean a 2,000-gal. storage tank in 10 min. 


A cooling fresh-water rinse should be ap- 
plied after the cleaning solution treatment. 
This removes all traces of the solution and 


cools the tank surfaces. Good rinsing is essen- 
tial to good cleaning. 


DISCUSSION 

Mechanical cleaning to be successful depends 
on these factors: complete coverage of the sur- 
faces to be cleaned with a chemical solution of 
the proper concentration, heated to and main- 
tained at the proper temperature. The so)ation 
must be kept in contact with the tank surfaces 
for the prescribed length of time. Coverage, 
time, temperature, and solution concentration 
are the things necessary to insure clean tanks. 

An important side-effect to consider when 
cleaning storage tanks is the cooling system on 
the individual tank. Hot solutions contecting 
the refrigerated zone can cause much grief, if 
the proper precautions are not followed. It is 
essential that a refrigeration engineer be con- 
sulted before proceeding with mechanical «lean- 
ing. 

From developments up to this time, it ss ap- 
parent that we can clean storage tanks by me- 
chanical means. The system can be automatic 
to any desired degree. Installing an automatic 
cireulation cleaning system insures that time, 


temperature, and solution concentration are 
maintained. Installing flow-diversion valves in 


the lines to and from the tanks to be cleaned, 
and applying controls and indicators to them, 
will make a system push-button in operation. 
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In other words, pushing button No. 1 would 
clean Tank No. 1 automatically. All precautions 
would be observed by the control system. If 
the tank was not empty, a control would not 
allow the cleaning operation to begin. Any- 
thing desired can be built into the automatic 
system. 

These recent developments have indicated that 
a practical method of cleaning tanks mechani- 
cally has been developed to the point where sue- 
cess is assured. 

These developments have proven that me- 
chanical cleaning is being accepted by the in- 
dustry. It is important to build storage tanks 
with mechanical cleaning as the main objective. 
This requires some thorough planning by the 
designers and means that we must consider new 
ideas about the construction of storage tanks. 
It is very difficult to apply a good mechanical 
cleaning device to a tank built years ago for 
hand-cleaning. 

The outlet of the storage tank can generally 
be cleaned mechanically. The manhole, door, 
and gasket on present tanks must be washed by 
hand. This is true when mechanical cleaners 
are ured. The sight-glass opening on most 
tanks has to be removed and hand-washed; the 
same is true of the inlet and air vent openings. 
The test valve, the measuring device on the tank, 
and the agitator bearing must be cleaned by 
hand. Therefore, it is apparent that considera- 
tion must be given to the redesigning of tanks. 
It is possible to build a storage tank now that 
can be cleaned mechanically. This could be 
done by moving the manhole to the top of the 
tank. The manhole would be used only for in- 
spection and could be much lighter and would 
be out of the product zone. The air vent and 
the product inlet could be in this door or, in 
many cases, the product could enter the tank 
through the outlet valve. This method would 
remove the product inlet and its cleaning prob- 
lem. A practical method of measuring the vol- 
ume of liquid in the tank is available and it is 
known as the bubble system; it requires only 
a small sanitary C.I.P. fitting on the bottom of 
the tank. The indicating thermometer fitting is 
no problem. The test cock may have to be 
cleaned by hand, if it is necessary to have one 
on the tank. If a sight-glass is necessary, it 
can be of the new flush-mounted cleaning-in- 
place type that is easily cleaned. The vertical 
agitator has the cleaning device mounted as an 
integral part and is self-cleaning and its sup- 
port bearing is also self-cleaning. 

When tanks are built along these lines, me- 
chanical cleaning will be easy and positive re- 
sults will be obtained. These cleaning devices 
are developed and are practical. Storage tanks 
must be built to take advantage of these labor- 
saving methods. 
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CALL FOR PAPERS FOR THE 1960 ANNUAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 


N. L. Jacopson, Chairman, Program Committee 


Department of Animal Husbandry, Iowa State College, Ames 


The 55th Annual Meeting of the American 
Dairy Seience Association will be held June 
19-22 at Utah State University, Logan. Mem- 
hers who wish to present papers must submit 
titles and abstracts not later than March 1. 
This is a change from last year. The new dead- 
line must be met to permit publication of titles 
in the May issue and abstracts in the June 
issue of the JOURNAL. 

Abstracts must contain no more than 200 
words, arrived at by counting each typed line 
as 12 words. Abstracts longer than 200 words 
will be returned to the author(s) by the Com- 
mittee. An original (on bond paper) and three 
copies of each abstract should be typed double- 
spaced. The original and one copy should be 
mailed to the Chairman, another copy to the 
Vice-Chairman, and the fourth to the Secretary 
of the Section before which the paper is to be 
presented, 

In the preparation of abstracts, the style and 
abbreviations of the JOURNAL OF DAIRY SCIENCE 
must be used. Please refer to abstracts in the 
May, 1959, issue of the JourNaL for guidance. 
The title of the abstract should indicate clearly 
the nature of the research. The abstract should 
inelude, insofar as possible, the design and ma- 
jor results of the study. Only research which 
has been completed should be reported. Brief, 
essential statistics will make the data more 
meaningful. 

All members of the Association are encour- 
aged to present papers. Participation by mem- 
bers in the industry and by senior members of 
the Association is particularly weleome. The 
competitive presentation of papers by graduate 
students, initiated in the Production Section in 
1959, will be extended both to the Manufactur- 
ing and to the Production Sections in 1960. 

Abstracts of research accepted for publica- 
tion by a scientific journal before the annual 
meeting are not acceptable. The Program Com- 
mittee favors the general policy that an indi- 
vidual present only one paper and that his 
name appear as author on no more than two. 
The Program Committee, with the Association 
members, desires to stimulate vigorous, sound 
research and realizes that the above restrictions 
may penalize some members engaged in full- 
time research. Therefore, the Committee has 


liberalized this poliey so that a member can 
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exceed these limits, but only if he or his depart- 
ment rates the abstracts in order of preference 
for oral presentation. If the total number of 
papers submitted by the membership is too great 
to inelude in the program, the Committtee will 
assign some papers to be read by title only. 

The Program Committee encourages contin- 
ued improvement in quality of papers and in 
oral presentations. Careful design of experi- 
ments and proper interpretation of results are 
necessary prerequisites. Strict compliance with 
the instructions for preparation of abstracts 
will simplify the task of the Program Committee 
and will improve the program. Careful editing 
of abstracts before submission is essential. 

Preparation of mimeographed copies of per- 
tinent data is desirable. At least 250 copies 
should be available for distribution. Material 
for projection on sereens should be used only if 
mimeographing is impractical. 

Names and addresses of officers of sections 
to whom titles and abstracts should be sent are: 


EXTENSION SECTION 

Chairman: C. W. Nibler, Department of Dairy 
Husbandry, University of Nebraska, Lincoln. 

Vice-Chairman: M. E. Senger, Department of Ani- 
mal Industry, North Carolina State College, 
Raleigh. 

Secretary: W. R. Van Sant, Department of Dairy 
Seience, University of Arizona, Tucson. 


MANUFACTURING SECTION 
Chairman: Stuart Patton, Department of Dairy 
Science, Pennsylvania State University, Uni- 
versity Park. 
Vice-Chairman: Burdet Heinemann, Producers 
Creamery Co., Springfield, Missouri. 
Secretary: M. L. Speck, Department of Animal 
Industry, North Carolina State College, 
Raleigh 
PRODUCTION SECTION 


Chairman: G. W. Trimberger, Department of Ani- 
mal Husbandry, Cornell University, Ithaca, 
New York. 

Vice-Chairman: S. 
Dairying, Oklahoma 
water. 

Secretary: J. C. Thompson, Ralston Purina Co., 
St. Louis, Missouri. 


D. Musgrave, Department of 
State University, Still- 
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NOMINATIONS FOR VICE-PRESIDENT AND DIRECTORS OF A.D.S.A. 


DV. 


JOSEPHSON, Chairman, Nominating Committee 


Department of Dairy Science, ennsylvania State University, University Park 


The By-laws of our Association relating to 
the nomination of officers were published on 
page + of the October, 1958, issue of the 
JourNnaL. The By-laws specify that the mem- 
bership be invited to suggest names of com- 
petent individuals from among the members of 
A.D.S.A. for the consideration of the Nomina- 
ting Committee. 

This Committee feels that it can not do an 
effective job of preparing a slate of officers 
without the assistance and full cooperation of 
the membership. Qur Association needs strong, 
aggressive leadership and much care mast be 
taken in selecting this leadership. Therefore, 
all members are urged to suggest the names of 
prominent, competent members who are cap- 
able of filling and willing to fill these important 
offices of our Association. 

This vear we must elect our Vice-President 
from the Dairy Manufacturing area. In mak- 
ing your suggestions it should be borne in mind 
that, if elected Vice-President, your nominee 
will succeed to the Presidency the following 
year. For this reason, it will be helpful if 
your suggested candidate be a man with known 
administrative capacity and experience. Other 
factors that might be considered are: service 
as a Director of A.D.S.A., Section Officer ex- 
perience, Section or Association Committee 
leadership, and known devotion to A.D.S.A. 
objectives. 

The two new Directors of the Association 
for the coming year will be selected as follows: 
One from the Manufacturing and one from 
the Production group. Our present group of 


six Directors includes two from the Extension 
Section whose terms continue through next 
year. In accordance with established policy, 
no one from this latter area will be considered 
for the office of Director this year. 


In recommending candidates for Director, 
the nominator should consider people who 
have demonstrated a devoted interest in 


A.D.S.A. affairs. Members who have held sec- 
tion offices, committee chairmanships, or other 
Association assignments should be given pref- 
erence. Known administrative capacity also 
should be considered. 

All suggestions for officers should reach the 
Chairman of the Nominating Committee by 
January 1, 1960. The Chairman will assemble 
the lists and then request a biographical sketch 
from one of the nominators of each candidate. 
The Committee will then consider these lists 
and the supporting information in arriving 
at the final slate of two candidates for each 
office, whose names will appear on the election 
ballot. 

The Committee urges the membership to con- 
sider this matter seriously. As a Committee of 
only five men, we are not in a _ position to 
recognize all of the qualified people who should 
be considered for these offices. The future 
strength and progress of A.D.S.A. will depend 
upon the leadership we elect. For this reason, 
we need the help of all members in keeping 
the offices of the Association filled with the 
most qualified and devoted people from among 
our membership. 


REPORT OF REPRESENTATIVE TO THE UNITED STATES 
LIVESTOCK SANITARY ASSOCIATION 


C. G. Brapr 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


The sixty-second annual meeting of the 
United States Livestock Sanitary Association 
was held at Miami Beach, Florida, November 
4-7, 1958. Florida was selected as the meeting 
place this year as a mark of recognition of the 
growing livestock industry of the South. While 
the attendance was not as large as at previous 
meetings, in the Midwest, about 150 persons 
from all over the country were present. It was 
a splendid conference, with many excellent pa- 
pers and committee reports presented. 


It was my privilege to be the appointed rep- 
resentative of the American Dairy Science Asso- 
ciation at this meeting. While there, the writer 
served as a member of the Committee on In- 
fectious Diseases of Cattle and on the Commit- 
tee on Brucellosis at the request of W. D. Knox, 
a regular committee member who was unable 
to be present. Both committees presented care- 
fully prepared reports to the general assembly 
after spending much evening time in discussion 
prior to their final formulation. 
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The Infectious Diseases of Cattle Committee 
emphasized the need for special consideration 
and study on the problems of genital diseases 
(with particular attention to nonspecific abor- 
tions), anthrax, mastitis, salmonellosis and virus 
diarrhea or mucosal disease. Special situation 
reviews included in this committee report cov- 
ered listeriosis, mucosal disease complex, no- 
‘cardial mastitis (a newly identified udder dis- 
ease in California), and vibriosis. 

The Brucellosis Committee presented a num- 
her of amendments to the present regulations 
now being observed and followed in the Na- 
tional Brucellosis Program. A plan for nation- 
wide swine brucellosis eradication was prepared. 
It was believed that with cattle brucellosis now 
being brought under control and near-elimi- 
nated in many states, brucellosis in swine as a 
source of infection for cattle and man should 
be vigorously attacked. It was stated that sur- 
veys in the United States show about 5% of the 
hog population infected or suspect, with 2% 
infected. 


A\NAPLASMOSIS, A PROBLEM IN MANY STATES 


Two papers and a committee report were pre- 
sented upon the topic of Anaplasmosis. The 
complement-fixation test was diseussed, and 
treatments with chlortetracycline mixed in cot- 
tonseed meal and given orally according to body 
weight for 60 days have given good results. 
All cattle treated were negative by complement- 
fixation test 60 days after treatment and, under 
field tests on the farm, 83% were negative ae- 
cording to Oklahoma experiments. To save 
valuable cattle, such treatments, while expen- 
sive, are practical. 

Anaplasmosis was reported as being diag- 
nosed in sheep in Wyoming, but was believed 
not to be transmissible to cattle. In California, 
hlood of infected deer was inoculated into 18 
calves. Twelve developed the disease within 14 
to 28 days later, but none died. Anaplasmosis 
research is going on in 12 states and at Belts- 
ville. A test-and-slaughter program in Hawaii 
is giving favorable eradication results under the 
conditions prevailing there. 


LEPTOSPIROSIS COMMITTEE GIVES ADVICE 

Leptospirosis in wildlife animals was dis- 
cussed by H. E. Goldstein of the Ohio Animal 
Disease Laboratory, and current diagnostic 
problems were outlined by E. V. Morse of Ames. 
Surveys in Ohio indicate that of 932 wildlife 
blood samples tested by the lysis test, deer sam- 
ples were 20% positive, foxes 25%, raccoons 
23%, and skunks 54% positive, 1 to 100 or 


higher. The point was made that more research 
is needed relating to the part infected wildlife 
plays in the spread of this disease in domestic 
animals. 

In discussing leptospirosis tests. Morse stated 
that leptospirosis positive titers indicate past 
or present infection. Some cross-reactions may 
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be observed, but they do not become a signifi- 
cant problem. Vaccines may produce reactions 
for short periods, but usually disappear. Lep- 
tospirosis should be considered as a herd prob- 
lem when a blood test interpretation is being 
considered, 

The Committee on Leptospirosis in its report 
lists the following points: 


1. The test is only an aid in diagnosis. Clinical 
symptoms should be noted, also. 


Vaceinate all negative animals and all herd 
additions. 

3. Some vaccinates may abort due to being in 
the ineubation stage at time of vaccination. 


4. Vaccinate show-ring cattle prior to the show 


season. 

5. Vaccination applied to infected cattle is of 
no value. 

6. A uniform test is needed. 

7. No state program for elimination can be ad- 
vised until a more specifie test has been de- 
veloped. 


SOME OTHER CATTLE DISEASES REVIEWED 

Bovine encephalomyelitis, a virus disease of 
beef and dairy cattle, has been diagnosed in 12 
California counties, reported J. B. Enright of 
Davis. Both sexes may be affected. The disease 
seldom spreads outside the herd. However, the 
mode of transmission at present is unknown. 
Some abortions in beef herds have been noted 
and an acute form of mastitis in dairy herds 
is sometimes a symptom. Animals move with 
a stiff, unsteady gait; they stumble, and hock 
joints may show swellings. Animals go off- 
feed, lose weight, and are depressed. Poor con- 
dition may persist for a long period and some 
cattle may die in convulsions. but others re- 
cover. Certain antibiotics have been found use- 
ful as treatments. 

Pustular vulvovaginitis in cattle was reported 
upon by J. H. Gillespie of Cornell. He said 
that 15% of the dairy herds in New York, ac- 
cording to his data, have this disease. In one 
herd of 90 cows in northern New York, 75% 
were infected. Research indicates that this dis- 
ease and rhinotracheitis are caused by the same 
infective agent. 

Johne’s disease came up for discussion in a 
paper delivered by A. B. Larson of Auburn, 
Alabama. Of the johnin tests, he said the intra- 
dermal test appears to be the best, according 
to experiments. It has been found that some 
adult reactors do become negative later, but 
the number of recoveries seems to be fewer than 
with young animals. 

The Committee on Vesicular Disease (Foot- 
and-Mouth, vesicular exanthema, and vesicular 
stomatitis) reported that 95% of all garhage 
fed in the United States is now being cooked. 
All but two states have cooking laws in foree. 
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States were advised to increase funds for gar- 
bage inspection, as United States government 
support is being curtailed for this service. 

All cases of vesicular stomatitis should be 
thoroughly checked, to be certain that none are 
Foot-and-Mouth disease. Research at Plum 
Island continues, as does the project on vesicu- 
lar stomatitis in the coastal region of Georgia, 
where 79% of the feral swine show antibodies 
on tests. 


PARASITE CONTROL REPORTED UPON 


R. C. Bushland from the Kerrville, Texas, 
Research Station reported upon the work with 
systemic treatments. Many products by Bayer, 
Dow Chemical, and American Cyanamid are 
under investigation. For cattle grubs, neither 
Bayer nor Dow products give 100% control. 
They are expensive, too. Treatment for a big 
ul may be as much as $3. Spray materials 
are cheaper, it was pointed out. Products to 
control flies, ticks, and serew-worms, used orally 
and subcutaneously, also are under investigation 
at Kerrville. 

Some cattle ticks are found in Florida, but 
are being well controlled by dipping and quar- 
antines. Texas and California also have them 
along the Mexican border. 

The Screw-worm Eradication Program cen- 
tering at Sebring, Florida, was reported upon 
by R. S. Sharman of the United States Depart- 
ment of Agriculture. An excellent set ef slides 
was-shown of the Sebring operations, in the 
production and distribution of sterilized male 
serew-worm flies over Florida, South Georgia, 
and Southern Alabama. The results to date 
have been highly successful in the eradication 
of this animal pest, which has been known in 
one case to kill a grown steer in ten days. 


BOVINE TUBERCULOSIS NOT YET ERADICATED 
The Tuberculosis (TB) Eradication Commit- 

tee made the following recommendations : 

1. An increase in cattle testing is needed. 

2. The TB reactor tracing service at sales 
stables and stockyards should be extended. 
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. Veterinary colleges should emphasize in their 
curriculums the importance of TB eradica- 
tion programs and procedures. 

t, More education of cattle owners to combat 

growing complacency is needed. 


5. Maintain rigid quarantines of infected herds. 


}. Eradicate TB in other species, especially 
poultry. 

7. Eliminate the no-visible-lesion (NVL) prob- 

lem through continuing research. 


It was stated that 243 counties in the United 


States are overdue for TB tests. 


NEW LEGISLATION, LAWS AND REGULATIONS 

The Legislative Committee recommended in- 
creased funds for the United States Department 
of Agriculture for the meat inspection service 
and for checking the value of new vaccines and 
biologics. Better control of wild animal imports 
from abroad was advised. 

Uniform state rules and regulations to faeili- 
tate interstate livestock movement, and to keep 
reports of these regulations up to date when 
amended, were suggested by the Committee on 
Laws and Regulations. 

Officers elected for 1959 are: President, F. G. 
Buzzell, Augusta, Maine; First Vice-President, 
James R. Hay, Columbus, Ohio; Second Vice- 
President, A. P. Schneider, Boise, Idaho; Third 
Vice-President, W. L. Bendix, Richmond, Vir- 
ginia; Secretary-Treasurer, R. A. Hendershott,’ 
Trenton, New Jersey. 

Each year, a complete record of all the papers 
and committee reports presented at the annual 
meeting of the Association are published in the 
Proceedings, a neatly printed book of about 350 
pages. All members are mailed copies without 
additional cost. 

Membership in the Association is open to any 
person engaged in livestock sanitary work for 
federal, provincial, state, territory, county, or 
municipal governments and to any other person 
interested in. livestock sanitation or milk and 
meat hygiene. 
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SOME CURRENT ASPECTS OF ANIMAL DISEASE CONTROL 


Report of a Work Party of the Public Health Committee of the 
American Dairy Science Association for 1959 


L. A. Buack 
Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio 
AND 
W. D. PouNnDEN 
Ohio Agricultural Experiment Station, Wooster, Ohio 


Preliminary reports for 1958 by the National 
Office of Vital Statistics reveal there were 12% 
fewer human cases of brucellosis than in 1957. 
At least part of this accomplishment must be 
attributed to the national brucellosis eradica- 
tion program in cattle (5). Recent reports in- 
dicate that tuberculosis in cattle is undergoing 
a slight rise in incidence in some areas of the 
central states and, because of its relationship 
to dairy. herds, no doubt greater emphasis will 
be expended on its control. This slight rise in 
tuberculosis also indicates that more frequent 
testing may be desired from the viewpoint of 
publie health in respect to sanitary milk con- 
trol, and that such testing might be done at a 
3-yr. interval. Leptospirosis apparently is quite 
prevalent in many areas and may require con- 
siderable effort to prevent its being a recurring 
problem. Although the organisms are killed by 
pasteurization, danger may exist to personnel 
working with infected herds. 


Q FEVER 

Q fever, a rickettsial disease known to.occur 
throughout the world, has been endemic in cat- 
tle, goats, and sheep in certain areas of the 
western and southwestern states. Preliminary 
studies and reports by the Rocky Mountain 
Laboratory of the National Institute of Allergy 
and Infectious Diseases at Hamilton, Montana, 
(6), in cooperation with state health department 
and agricultural agencies, indicate the oceur- 
rence of Q fever infections in areas hitherto 
presumed free from the disease. For example, 
“We now know that bovine Q fever oceurs in 
every section of the United States. It is espe- 
cially prevalent in the East, where from 25% 
to 70% of herds within several states are in- 
feeted and, undoubtedly, excreting rickettsiae 
into the environment in milk. We have yet to 
find a state free of infection! The full implica- 
tions of all this are not adequately understood, 
but they are alarming, since the infections which 
are spreading are the only sources for infection 
in man. Thus, there is today a need for exten- 
sive testing of milk supplies for evidence of 
bovine infections, to determine the need for local 
considerations of the disease as a_ potential 
hazard to people. Little testing is being done, 
on milks or human serums, and that being done 
is experimental studies being sparked from 
here.” 


Apparently then, bovine infections with the 
rickettsiae Coxiella burnetii occur in all parts 
of the United States and are a source of unde- 
termined amounts of human infection and ill- 
ness. The organisms are excreted in milk and 
in very large quantities in placental tissues and 
fluids. The asymptomatic animal infections 
which are spreading may constitute an increas- 
ing public health problem. Human eases of Q 
fever are associated with casual or occupational 
exposure to infected livestock and contaminated 
premises, from residence near infected premises, 
or from household use of raw milk. Although 
pasteurization of milk at 145° F. for 30 min. 
or at 161° F. for 15 see. destroys the agent (2), 
an additional 5° higher temperature has been 
recommended for processing products contain- 
ing high fat or added sugar. In areas where Q 
fever has not heretofore been recognized, some 
dairy products may not receive sufficient heat 
treatment to destroy such organisms. Where 
the additional heat treatment recommended by 
health officials (2) is utilized, this also results 
in added destruction of the phosphatase en- 
zyme, and thus phosphatase test levels of prop- 
erly pasteurized products should be well below 
currently acceptable standards. 


STAPHYLOCOCCAL FOOD POISONING 


In recent years, outbreaks of disease associ- 
ated with milk and dairy products have occurred 
relatively infrequently, ordinarily less than ten 
per year. Nevertheless, since many people may 
be involved, these assume great importance. 
Outbreaks of food poisoning associated with 
staphylococci in dairy products have been re- 
ported in recent years and in 1958 several out- 
breaks were reported due to natural cheese. 
In one outbreak, a total of 66 cases was investi- 
gated epidemiologically, and bacteriophage 
types were determined on the coagulase-posi- 
tive hemolytic staphylococci isolated from 
cheese. Examination of 24 samples of such 
cheese showed that all had concentrations of 
hemolytie staphylococci greater than one mil- 
lion organisms. In another outbreak, hemolytic 
coagulase-positive staphylococci were isolated 
from natural Cheddar cheese served to a group 
of 200 persons who beeame ill (4). 

Although there has been much discussion of 
staphylococci which are resistant to common 
antibioties, the instances when these have been 
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picked up in association with udders have been 
surprisingly few (10, 11). However, as long 
as resistant strains exist there is always the 
chance that they will be involved in mastitis 
problems. The finding of preformed staphylo- 
coceus enterotoxii in spray-dried milk illus- 
trates the fact that staphylococcus enterotoxin 
is heat-stable and may be encountered in milk 
products containing but a few staphylecocei if, 
prior to their destruction by processing, con- 
ditions permitted their growth and development 
of toxin (12). Since such organisms may grow 
rapidly in pasteurized milk and milk products 
at 80-120° F., prolonged holding at these tem- 
peratures after pasteurization should be 
avoided. 
SALMONELLA 


In 1958, an outbreak of Salmonelia dublin 
infection was traced to certified raw rilk, with 
11 laboratory-proved and 19 suspect cases. 
Three isolations of Salmonellae organisms were 
made from cows in the herd of about 400 ani- 
mals (3). In this connection, it may be of inter- 
est to note that a working party of the Public 
Health Laboratory Services in England has 
found Salmonella present in a wide variety of 
raw, processed, and complete feeding meals, 
especially imported bone, bone products, and 
fish meal. Although viable counts were low 
(less than 100 per 100 g.), 88 serotypes were 
isolated, and further work was planned as to 
their epidemiological importance (9) 


YEASTS, ACTINOMYCETES, AND VIRUSES 


Udder infections due to yeasts and yeastlike 
fungi, such as Cryptococeus (8), and actino- 
mycetes such as Nocardia (7), can present some 
potential problems of human involvement. The 
aerobic actinomycetes which are pathogenic for 
humans have been isolated from mastitis in 
cattle in various sections of this country. Their 
biology is not very well understood: virulence 
differs, so that infections may vary from almost 
inapparent illness to severe mastitis, and some 
strains of the organism show a marked resis- 
tance to heat as isolated from the milk of in- 
fected cows. The organisms are resistant to 


most antibiotics and their use is more likely to 
aggravate than to help the problem. The find- 
ing of this organism in the udders of dairy cat- 
tle should be of considerable public health im- 
portance and requires further study 

The isolation of members of the lymphogran- 
uloma venerum group of viruses from humans 
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and almost all kinds of livestock, including cat- 
tle, indicates the tremendously broad areas in 
which these infections are involved. Perhaps of 
some significance is the finding that some of 
these viruses can exist in udders (1) and can be 
shed from them. 
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Mastitis Studies in a Dairy Herd. Gaye 
GitpA AND E. Grant Moopy, Arizona State 
University, Tempe. 

A 7-yr. study of 254 separate incidents of 
mastitis in 87 cows in the Arizona State Uni- 
versity herd was made. An attack of mastitis 
resulted in the immediate loss of more than 
10 lb. of milk. The decrease in production 
occurred 24 hr. before the appearance of clini- 
cal symptoms. The incidence of mastitis in a 
herd was drastically reduced by proper man- 
agement and the culling of cows with chronic 
mastitis. Bacteriological analysis of secretions 
from 15 cows indicated that S. aureus, the most 
commonly occurring organism, showed a meas- 
ure of in vitro sensitivity to all antibiotics 
tried except polymixin. 


Dried Molasses Beet Pulp vs. Chopped Al- 
falfa Hay as a Preservative for Oat and Vetch 
Silage. D. D. Bunuis, R. H. Kiiewer, ann I. R. 
JoNnES, Oregon State College, Corvallis. 

Twenty-four Holstein and Jersey cows, 
paired according to breed, age, body weight, 
production, stage of lactation, and gestation 
were fed oat and vetch silage to appetite, pre- 
served with 200 lb. of dried molasses beet 
pulp or chopped alfalfa hay. No significant 
difference (P < 0.05) in FCM, body weight 
change, or FCM produced per pound of dry 
matter consumed was observed. However, 
there was a significant (P > 0.01) difference 
in silage dry matter consumed per day per 
cow and a significant difference (P > 0.02) 
in silage dry matter consumption per pound 
of body weight in favor of the molasses beet 
pulp preserved silage. 

There was less plant juice loss, less top spoil- 
age and, therefore, less total dry matter loss 
with the dried molasses beet pulp preserved 
silage than with the chopped alfalfa hay pre- 
served silage. The 7,500 lb. greater juice loss 
with the chopped alfalfa hay silage may be 
conservatively estimated to contain 8% dry 
matter, or an apparent saving of 600 lb. of dry 
matter in favor of the dried molasses beet 
pulp preserved silage. 

Ensiled forage preserved with chopped al- 
falfa hay was found to be higher in protein, 
fiber, fat, and ash than the same forage pre- 
served with molasses dried beet pulp. How- 
ever, the latter silage had the highest N.F.E. 
and TDN values. 


Comparative Feeding Value of Oat and Pea 
Silage Preserved with Dried Molasses Beet 


Pulp vs. Ryegrass Screenings. |). 1). Buiuis, 
R. H. Kuirwer, ann |. R. Jones, Oregon State 
College, Corvallis. 

The feeding value of high-moisture oat and 
pea forage preserved with ryegrass screenings 
or dried molasses beet pulp at the rate of 200 
lb. per ton was compared, using 22 Holstein 
and Jersey cows paired into two groups and 
fed to appetite. A 4-wk. Latin-square cross- 
over experimental design was used with a 4-wk. 
preliminary period and a 1-wk. change-over 
period between treatments. 

Cows in each group consumed significantly 
more (P < 0.01) molasses beet pulp preserved 
silage (13.20 lb. more per day per cow), but 
failed to show a significant increase (P > 0.05) 
in energy-corrected-milk (ECM) compared to 
the rygrass screenings preserved silage. How- 
ever, a significant increase (P < 0.05) in body 
weight for those animals fed the molasses beet 
pulp preserved silage was shown, reflecting the 
increase in consumption. 


Effect of Feeding Low Levels of Chlortetra- 
cycline upon the Health and Milk Production 
of Dairy Cows. R. H. Ross, D. L. Fourt, J. W. 
BaILEy, AND D. L. THacker, University of 
Idaho, Moscow. 

Twelve Holstein cows paired into two groups 
were used to determine the value of feeding 
0.1 mg. chlortetracyeline per pound body 
weight upon milk production, mastitis, bloat, 
and footrot. A reversal trial consisting of 
four 4-wk. periods was used. An additional 48 
cows were used to study the effect of chlor- 
tetracycline upon mastitis, bloat, and footrot. 

Feeding chlortetracycline had no effect upon 
milk production, mastitis, bloat, or footrot. 
Milk production was 37.5 lb. and 37.7 lb. 4% 
FCM for the control and experimental groups, 
respectively. There was one case of footrot 
in the control group. There were five cases 
of bloat in each group. Chronie cases of mas- 
titis continued in both groups and no new 
cases developed in either group. 


Alfalfa “Hayfers” vs. Baled Alfalfa Hay 
for Milk and Butterfat Production. R. H. 
Ross, D. L. Fourt, anp F. C. Gepuart, Univer- 
sity of Idaho, Moscow. 

Twelve Jersey cows paired into two groups 
were used to compare baled alfalfa hay and 
“hayfers.” The alfalfa hayfers were made by 
compressing chopped alfalfa hay into wafers 
about 4 in. in diameter and 1 in. thick. One 
cutting of hay from the same field was used 
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for both lots of hay. No supplemental feeds 
were used except iodized salt and bone meal 
fed free-choice. Per cent butterfat in the milk 
was determined on three-day composite tests 
taken continuously. A reversal trial was used, 
consisting of two, 5-wk. periods. 

Mean daily milk production was 19.9 lb. 
4% FCM for both groups. There was a sig- 
nificant reduction in butterfat test (P < .05). 
Baled hay averaged 5.74% and hayfers 5.48% 
butterfat, a reduction of 0.26%. The cows 
while receiving hayfers ate 27.7 lb. and wasted 
1.6 lb. hay per cow per day and gained 0.74 |b. 
hody weight per cow per day. While receiving 
baled hay, they ate 22.0 lb. hay and wasted 
7.0 lb. per cow per day and lost 1.04 lb. body 
weight per cow per day. These differences 
were significant (P < .05). 


Milk and Butterfat Production from Mash 
and Pelleted Grain Rations. LELAND TIGGES 
inp G. M. Warp, Colorado State University, 
Fort Collins. 

The same ‘ingredients were prepared as a 
coarsely ground grain mix and as 3¢-in. pellets 
and fed to 27 purebred Holstein-Friesian cows 
in the Colorado State University herd. The 
grain was fed to each group at the rate of ap- 
proximately 1 lb. per 4 Ib. of 4% FCM. Alfalfa 
hay and corn silage was group-fed in outdoor 
mangers. All cows were milked in a six-cow 
elevated milking parlor. 

The study contained four trials consisting 
of a ten-day preliminary period followed by a 
20-day experimental period. The order of 
trials was (I) pellets, (IIT) mash, (III) pellets, 
and (IV) mash. The average daily milk pro- 
duction and butterfat percentage for each 
period was, respectively: (I) 43.7, 3.39; (IT) 
42.4, 3.59; (IIT) 40.8, 3.31, and (IV) 38.6, 3.34. 
Differences between the two rations in milk 
production, fat test, and 4% FCM were not 
statistically significant,. although the lower 
fat test obtained with the pelleted grain ap- 
proached significance at the 5% level. All 
cows were able to finish eating their allotted 
grain in either form during an average of 
7 min. which they spent in the milking parlor. 


A Summary of Three Years’ Work with 
Holstein Steers. R. O. Rupp, G. M. Warp, 
Metvixn H. Hazateus, anp H. B. LinxpHoim, 
Colorado State University, Fort Collins. 

During the past 3 yr., over 100 Holstein 
steers were raised on various feeding systems 
and marketed at different ages and weights. 
From this study, the following conclusions can 
be drawn: 


1. Veal production from dairy calves gen- 
erally is not profitable in Colorado. 

2. Cattle raised to an age and weight of 
feeders (500-700 lb.) were generally more 
profitable than the same animals fed to 


1,000 lb. 
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3. Steers fed on straight roughage or roush- 
age plus a limited amount of grain will 
make rapid gains and yield carcasses gen- 
erally grading U.S. Standard. 

4. All roughage rations require a 50- to 60- 
day longer feeding period to produce the 
same weights and careass grades as steers 
fed grain at the rate of about 10 lb. per 
day. 

. All roughage feeding resulted in the 
lowest costs per pound of gain. 


~~ 


6. Dried beet pulp can replace 90% of the 
roughage of a normal hay and grain 
ration for a period of 130 days. This 
system gave the fastest gains and the 
highest-grading carcasses. 

. Stilbestrol or hormone implants inereased 
gains and feed efficiency comparable to 
values reported for beet breeds. 


Animal Fat as a Replacement for Barley in 
Dairy Cattle Rations. J. F. Stern, M. A. WApE, 
D. W. Cassarp, AND L. WALKER, University of 
Nevada, Reno. 

Sixteen lactating Holstein cows were divided 
into four comparable groups. Two coneen- 
trate mixtures were fed. The experimental 
mixture contained approximately 10% stabi- 
lized animal fat and was formulated on the 
basis of substituting 1 lb. fat for 2.5 lb. of 
barley in the control mixture. 

In a change-over design, each group re- 
mained on each of the following treatments 
for a period of 5 wk. with a seven-day tran- 
sition period between treatments: (I) Control 
fed at the rate of 1:6 FCM; (II) fat-concen- 
trate at 1:6 FCM; (III) fat-concentrate at 
1:5 FCM; (IV) fat-concentrate pelleted and 
fed at 1:8 FCM. Adjustments were made in 
the rate of feeding at the beginning and mid- 
way in each treatment period. Each group 
received good-quality alfalfa hay ad libitum 
under dry-lot feeding conditions. The mean 
daily pounds fat intake from concentrates 
(D.M. basis) were 0.14, 0.60, 0.45, and 0.50, 
respectively. 

Mean daily pounds FCM produced on the 
various treatments were (I) 35.4, (II) 38.5, 
(III) 36.7, and (IV) 37.5. Feeding the fat- 
concentrate (II) resulted in a significant in- 
crease (P < 0.01) in FCM production over 
(1). No significant differences in body weight 
of animals were noted between treatments. 

Feeding the fat-concentrate (Ii), (IIT), (IV) 
resulted in a significant increase in plasma 
lipid value (P < 0.01). No significant differ- 
ences in plasma glucose and ketone bodies 
were observed. These values were in the 
normal range as reported in the literature. 


Pineapple Plant as a Feed for Dairy Cows. 
K. K. OraGaki and K. Morrira, University of 
Hawaii, Honolulu. 

There is a Jack of forage for milking cows 
supplying the Honolulu milk market because 
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of lack of agricultural areas for economical 
forage production. Pineapple plants are readily 
available in tremendous quantities, but only 
meager information is available on their nu- 
tritive value. Twelve Holstein-Friesian milk- 
ing cows were allotted to three treatments in 
a double change-over design with 5-wk. periods. 
All cows received the same basal ration ac- 
cording to size and production and were sup- 
plemented with chopped Napier grass, ensiled 
or fresh pineapple plant to the limit of appe- 
tite. There were no significant differences be- 
tween treatments in actual or fat-corrected 
milk produetion. Highly significant differences 
were noted in butterfat tests between cows 
within groups and between treatments. Some 
of these differences may be attributed to sig- 
nificantly lower dry matter intakes on fresh 
and ensiled pineapple plant regimes. There 
were no significant differences in milk flavors 
due to treatments. There were no indications 
of any adverse physiological effect from feed- 
ing pineapple plants as a source of roughage 
to lactating cows. Digestibility studies of fresh 
pineapple plant showed a high degree of di- 
gestibility of the erude fiber fraction. The 
DCP and TDN values for fresh pineapple plant 
were 6.8 and 74.8%, respectively, on the oven- 
dry basis. 


Relationship of Bacteria and Progesterone 
to the Androgenic Activity of Cow Feces. C. E. 
LvuEKER, University of California, Davis. 

An investigation was designed to study the 
paradoxical fact that the feces of the female 
bovine contain a greater androgenic activity 
than bull feces. In the course of this experi- 
ment, the possibility of bacterial action being 
responsible for the androgenic property of in- 
cubated cow feces was studied. It was shown 
by the chick comb growth assay method that 
no androgenic response was obtained when cow 
feces were sterilized before they were incu- 
bated. However, when cow feces were steri- 
lized, inoculated with fresh cow feces and then 
incubated, an androgenic response was ob- 
tained. The androgenic property found in in- 
cubated feces from female cattle appears to 
be the result of the conversion of a nonandro- 
genic material to an androgenic substance. Ad- 
dition of progesterone to cow feces before in- 
cubation increased the androgenic activity. 
Thus, the conversion of progesterone to an 
androgenic substance by bacterial action pro- 
vides a plausible explanation for the presence 
of androgenic activity found in cow feces. 


Feeding Value and in Vitro Performance of 
Live Yeast Cultures. Herspert JORDAN AND 


G. M. Warp, Colorado State University, Fort 
Collins. 

A live culture yeast supplement added at the 
rate of 40 lb. per ton of grain was fed to eight 
Holstein cows and compared to a control ration 
of the same grain mix without the supplement. 
Data were recorded for five periods of 2 wk. 
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each: (1) control, (II) yeast, (III) control, 
(IV) yeast, (V) control. The average produc- 
tion of 4% FCM and the average butterfat 
percentage for each period was (I) 53.3, 3.8, 
(II) 51.7, 3.8, (III) 53.8, 3.9, (IV) 54.0, 3.8, 
(V) 49.7, 3.9. The yeast-supplemented feed 
was not as readily consumed for the first few 
days after changing feeds. 

A live yeast culture produced by another 
manufacturer was used to evaluate gas pro- 
duction in an artificial rumen apparatus. Al- 
falfa hay, alfalfa and grain, and purified cel- 
lulose (Solka-Floc) were added to strained 
rumen fluid. Gas production was measured on 
each of these substances alone and with the 
addition of yeast culture at the rate of 2% 
of the feed substrates. The yeast culture in- 
creased gas production from the purified cel- 
lulose, but had no consistent effect upon the 
other substrates. 


Penicillin Levels in Milk from Lactating 
Cows Fed Various Amounts of Procaine Peni- 
cillin. S. R. Skaces anp D. D. MILLER, New 
Mexico State University, University Park. 

The United States Food and Drug Admin- 
istration had warned farmers that continued 
contamination of milk with antibiotics would 
bring disciplinary action by the U.S.F.D.A. 
Since penicillin salt had been advertised as a 
safeguard against bloat in cattle, it appeared 
that a study should be made as to the possi- 
bility that cows that received penicillin orally 
transmitted significant amounts to their milk. 

Two lactating dairy cows were fed daily 
doses of procaine penicillin in salt sprinkled 
over their concentrate feed. Milk samples 
from each cow were analyzed for penicillin 
content by the Baeto-Concentration Disk 
method. No penicillin was found in the milk 
when the cows received 88.9 mg. (86,700 I.U.) 
penicillin daily. When the feeding level was 
increased to 177.8 mg. daily, approximately 
0.05 I.U. penicillin per milliliter was found in 
the milk. A feeding level of 277.8 mg. daily 
increased the milk level to between 0.10 and 
0.15 I.U. per ml. Blood samples from these 
cows showed approximately the same level of 
penicillin content as the milk samples. 


A Method for Getting More Value from 
DHIA Records. C. J. Horrman, Colorado 
State University, Fort Collins. 

A booklet has been prepared which dairy- 
men can use to chart and graph data from their 
Dairy Herd Improvement Association (DHIA) 
records. These charts and graphs help to de- 
termine weaknesses in herd management. 

The charts help dairymen to observe the 
monthly production of a herd, calving interval, 
percentage of dry cows, number of cows re- 
moved from the herd and the reasons why, 
age of heifers at freshening, average age of 
cows in the herd, distribution of production 
by cows, and the monthly feed-cost chart. 
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OUR ASSOCIATION 


Workshop sessions have been held with 16 
DHIA. All have been highly suecessful and 
it has been suggested by dairymen that this 
be an annual program. A number of other 
states have learned about Colorado’s approach 
and are in the process of developing similar 
programs. 


Effect of Ration Fiber upon Respiration 
Rate and Rectal Temperature. Mencuior Ca- 
DENA, C. anp J. V. BATEMAN, Inter-American 
Institute of Agricultural Sciences, Turrialba, 
Costa Riea. 

Four daughters each, of three different milk- 
ing Criollo bulls, were submitted to 35° C. and 
25-mm. vapor pressure in a climatic chamber 
while on diets containing 16, 23, and 25.5% 
fiber. The effect of these fiber levels on respi- 
ration rates and rectal temperatures was 
studied. The correlations between hematocrit 
and respiration rates, and hematocrit and 
rectal temperatures, were determined. They 
were —.51 and —.74, respectively. The effect 
of fiber level on respiration rate was not sig- 
nificant, but the difference in response of dif- 
ferent animals was highly significant. Fiber 
level had a significant effect upon rectal tem- 
perature. The responses of individuals were 
also highly significant. These results led to the 
following conclusions: 1) The response to 
heat stress with different levels of ration fiber 
varies with individuals. 2) Rectal tempera- 
tures change with levels of fiber; therefore, ex- 
periments relating to physiology and thermal 
stress should take this into account. 3) The 
fiber content of the ration should be reported. 


Controlling Oxidized Flavor with Heat- 
Treated Milk. D. D. MILLER anp S. R. Skaces, 
New Mexico State University, University Park. 

Theoretically, the sulfhydryl groups pro- 
duced by heating milk should act as reducing 
agents and, thereby, inhibit the production 
of oxidized flavor. This work was done to 
determine the validity of the above theory. 

Milk, which produced oxidized flavor spon- 
taneously, had various amounts of the same 
milk heated to 90° C. for 45 min. added to the 
raw milk. The samples were pasteurized, 
cooled, and stored for seven days at 4° C. 
Daily organoleptic tests were made. 

Inhibition of oxidized flavor was noted at 
the 2% level. Cooked flavor developed at the 
3.5% level. Greatest inhibition, before cooked 
flavor developed, was observed at the 3% level. 
Complete prevention of oxidized flavor oc- 
curred in some samples at the 3% level, but 
this was dependent upon the susceptibility of 
the milk to oxidized flavor. When 0.1 p.p.m. 
copper was added to the samples, complete 
prevention never occurred, but good inhibition 
was noted at the 3% level. Heating the milk 
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for shorter or longer periods was not as effee- 
tive as 45 min. at 90° C. 


Influence of Brand of Cocoa on Consumer 
Acceptance of Chocolate Drink. H. 8S. WiL- 
LARD, W. R. ‘i'Homas, AND C. E. Bernsecx, Uni- 
versity of Wyoming, Laramie. 

To determine if brand of cocoa alters con- 
sumer acceptance of chocolate drink, between 
20 and 50 college students of both sexes were 
given three samples successively of chocolate 
drink per session and were asked to express 
degree of likes and dislikes on a Hedonie seale. 
Each drink was identical except for the brand 
of cocoa. Fifteen series of three samples were 
submitted, with one brand of cocoa common to 
each series being used as control. Differences 
from the mean score of the control sample 
showed that consumer preference was not in- 
fluenced by the per cent of fat or method of 
manufacture of the cocoa. Control samples 
appearing in different series, as a rule received 
somewhat the same seore. On an average, 
processed cocoas out-seored the natural cocoas, 
whereas the high-fat cocoas out-seored the low- 
fat cocoas; but differences were of no statisti- 
cal significance. 


The Consumer Acceptance of Milk Bever- 
ages as Affected by Fat and Solids-not-fat 
Content. J. W. Strutt ann J. S. Hitimayn, Uni- 
versity of Arizona, Tucson. 

A consumer-preference study was conducted 
to provide statistically reliable data on which 
standards and practices relating to the opti- 
mum composition of milk beverages can be 
based. 

The addition of solids-not-fat (SNF) to milk 
beverages is not provided for in most stand- 
ards. There is a general awareness, however, 
that the addition of from 0.5 to 2.0% SNF to 
either whole, low-fat, or nonfat milk beverages 
improves palatability, flavor, food value, and 
utilization. 

Taste discrimination or threshold tests in- 
volving 2,132 paired and triangulation de- 
cisions were conducted with adult men and 
women who were not trained dairy products 
judges. The results showed that people could 
consistently differentiate between milk bever- 
ages with variations in fat and SNF contents 
of 0.5 and 1.0%, respectively. 

Paired preference comparisons within and 
between each beverage class (whole, low-fat, 
and nonfat beverages) were made with approxi- 
mately 10,000 persons in retail food markets, 
public gatherings, and public schools. Bever- 
ages with 0.5 to 1.0% added SNF were pre- 
ferred. There was no significant difference in 
preference for a regular whole milk (3.5% fat, 
8.5% SNF) when compared with a low-fat 
beverage (2.0% fat, 10% SNF). 








BOOK REVIEWS 


IN THE Rumen. E. F. Annison 
John Wiley & Sons, Ince., 


METABOLISM 
and Dyfed Lewis. 
N. Y. 184 pp. 1959. 

This small volume, the latest addition to 
the series of Meuthuen’s monographs on bio- 
chemical subjects, will be weleomed by rumi- 
nant nutritionists as the first published work 
devoted entirely to rumen metabolism. It 
should also be of interest to biochemists and 
related areas, because of 
organization of the 


mierobiologists in 
the unique biological 
rumen. 

It is regrettable in one sense that a more 
comprehensive volume was not undertaken, 
in which rumen physiology and the broad 
field of ruminant nutrition also were encom- 
passed. However, in confining their coverage 
to metabolic activities of the rumen, the 
authors have achieved their objectives ex- 
tremely well, and the book will provide a 
valuable: reference aid both in teaching and 
in research. 

The book is organized into six chapters 
dealing with various aspects of metabolism 
in the rumen. Chapter 2, on the microbiology 
of the rumen, provides an excellent summary 
of the types and characteristics of micro- 
organisms found in the rumen, together with 
a discussion of the biological parameters of 
the rumen that exert control on the microbial 
population. This chapter should be especially 
valuable to the many students and _ investi- 
gators of ruminant nutrition whose primary 
interests are in areas other than bacteriology. 
The greater part of the text deals with the 
metabolism of carbohydrates and nitrogen in 
the rumen. Unquestionably, this is where the 
emphasis belongs. An entire chapter is de- 
voted to absorption from the rumen, with 
subdivisions dealing with the absorption of 
volatile fatty acids, ammonia, glucose and 


lactic acid, gases, and inorganic ions and 
water. A discussion of techniques used in 


absorption studies and difficulties in measur- 
ing absorption rates included. The 
concluding chapter deals with ruminant dis- 
orders associated with metabolic disturbances 
in‘the rumen and, although none of the dis- 
orders are discussed comprehensively, sufficient 
data are presented to adequately link the 
particular disorder to some rumen metabolic 
activity. 

This book will make a valuable supplemental 
text for courses in animal nutrition and, while 
it is limited in scope, the price is modest. 

R. E. Brown 
University of Illinois 
Urbana 


also is 


ELEMENTS OF DairyING LABORATORY MANUAL, 
EK. E. Bartley, F. E. Eldridge, E. L. Farmer, 
F. C. Fontaine, and G. B. Marion. Burgess 
Publishing Company, Minneapolis, Minnesota. 
2nd ed. 1959. 

This laboratory manual was prepared for 
use in the college introductory course in dairy- 
ing. In it, 11 exercises of the type that would 
permit maximum student participation are 
outlined. 

The subject matter areas covered and the 
number of exercises devoted to each include: 
Composition of Milk, 2; Tour of the Dairy 
Processing Plant, 1; Quality of Dairy Prod- 
ucts, 1; Feeding Dairy Cows, 3; Management 
and Housing, 1; Milking Management, 1; Arti- 
ficial Breeding, 1; and Dairy Cattle Judging, 1. 

The exercises are well illustrated with pic- 
tures and schematic drawings, along with pro- 
cedures and problems. 

K. A. KENDALL 
University of Illinois 
Urbana 
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Antisera and Antigens 


Enteropathogenic Coli Klebsiella 
Salmonella Shigella 


Brucella Leptospira Streptococci 


* 


C Protein Antiserum and Standard 


* 


Infectious Mononucleosis Antigens and Standards 


Potent 
Stable 


Specific 


Descriptive literature available on request 
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